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PREFATORY  NOTE. 


More  tliau  two  years  have  elapsed  siuce  the  publication  of  part  eight 
of  Bulletin  13.  The  delay  in  completing  this  bulletin  has  been  due  to 
several  causes.  Chief  among  these  must  first  be  mentioned  the  great 
amount  of  analytical  work  which  has  attended  the  preparation  of  the 
present  part.  A  mere  glance  tlirongh  the  following  pages  will  show 
anyone  familiar  with  chemical  processes  the  great  amount  of  time  which 
must  necessarily  have  been  consumed  in  securing  the  analytical  data 
which  follow.  In  addition  to  this,  the  appropriations  which  Congress  has 
made  for  the  prosecution  of  this  work  have  been  greatly  diminished. 
From  an  annual  ai:)propriation  of  $15,000  a  year  the  whole  amount  has 
been  cut  down  until  less  than  $5,000  a  year  have  been  available  for  our 
work.  This  has  made  it  necessary  to  confine  the  chemical  work  to  a 
few  analysts,  and  thus  increase  the  delay  in  the  publication.  The 
general  conduct  of  all  the  work  connected  with  this  bulletin  has  been 
under  the  immediate  supervision  of  the  Chief  of  the  Division  of  Chem- 
istry, who  has  prepared  the  manuscript  and  arranged  the  analytical 
data  connected  with  the  work.  Among  the  analysts  who  have  been 
chiefly  active  in  conducting  the  chemical  investigations  may  be  men- 
tioned Mr.  K.  P.  McElroy,  who  had  charge  of  the  ash  analyses;  Mr. 
W.  H.  Krug,  who  determined  the  fiber,  ether  extract,  sugar,  salt,  and 
digestibility  in  the  samples;  Mr.  T.  C.  Trescot,  who  made  the  determi- 
nations of  the  nitrogen;  and  Mr.  ^Y.  D.  Bigelow,  who  made  a  part  of 
the  determinations  of  the  ash  and  moisture  and  all  of  the  combustions 
in  oxygen.  Other  members  of  the  laboratory  staff  have  assisted  from 
time  to  time  in  the  incidental  work  connected  with  the  preparation  of 
this  bulletin. 

It  will  be  noticed  by  the  reader  that  very  little  space  has  been  given 
to  analytical  processes.  The  methods  which  have  been  employed  are, 
in  all  cases  save  where  exception  is  noted,  those  which  are  prescribed 
by  the  Association  of  Official  Agricultural  Chemists.  It  has  not,  there- 
fore, been  deemed  wise  to  burden  the  pages  of  this  bulletin  by  descrip- 
tions of  methods  which  can  be  found  officially  set  forth  in  other  places. 
In  those  cases  where  departures  have  been  made  from  the  association 
methods  the  fact  is  stated,  and  new  methods  which  have  been  employed 
and  which  are  deemed  of  essential  importance  are  described. 
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The  chief  object  in  view  in  the  preparation  of  Part  IX  has  been 
to  establish  as  carefully  as  possible  a  standard  of  composition  for  typ- 
ical cereal  foods,  not  only  as  a  contribution  to  our  chemical  knowledge 
of  these  bodies,  but  especiallj^  with  a  view  to  securing  the  proper  start- 
ing i^oint  for  the  study  of  the  nutritive  properties  of  the  bodies  in 
question  and  as  a  basis  for  detecting  adulterations.  For  this  reason  the 
number  of  samples  purchased  has  been  made  as  large  as  possible,  and 
especial  care  has  been  observed  in  every  detail  of  the  examination. 

It  is  believed  that  the  data  which  the  followiDg  pages  contain, 
although  subject  to  the  errors  of  analysis  and  observation  which  occur 
in  spite  of  ordinary  care,  can  be  relied  upon  by  physicians,  physiolo- 
gists, and  physiological  chemists  as  a  safe  basis  for  deductions  in 
respect  of  the  character  of  cereal  foods. 

The  analyses  whose  results  are  recorded  in  the  following  pages  have 
extended  over  a  period  of  more  than  four  years.  The  examinations  of 
flours  had  for  their  j)rimary  i^urpose  the  establishment  of  a  standard 
of  composition.  These  analyses  were  made  chiefly  in  the  years  1894 
and  1895.  At  that  time  there  was  little  occasion  for  supposing  that 
wheat  flours  were  adulterated  to  any  great  extent  with  the  products  of 
Indian  corn,  and  for  this  reason  those  brands  which  were  made  by 
millers  of  national  reputation  were  not  examined  for  this  adulterant. 

It  is  hoped  that  the  remaining  parts  of  Bulletin  13,  two  in  number, 
viz.,  a  part  devoted  to  infants'  and  invalids'  foods  and  one  to  preserved 
meats,  may  follow  without  great  delay.  When,  however,  the  reader 
considers  the  magnitude  of  the  problem  which  was  undertaken  at  the 
outset  in  the  preparation  of  Bulletin  13,  he  will  hardly  expect  an 
apology  for  the  length  of  time  the  work  has  consumed. 

H.  W.  Wiley. 


FOOD  AND  FOOD  ADULTERANTS. 

PART  IX -CEREALS  AND  CEREAL  PRODUCTS.  ' 

CEREAL  PRODUCTS. 
COMPOSITION  OF  CEREAL  GRAINS. 

The  cereal  graius  and  the  x)reparatioos  made  therefrom  form  the  most 
important  part  of  human  foods.  This  preeminence  is  evident  both 
from  an  economic  and  dietary  point  of  view.  Among  all  civilized 
nations  bread,  in  its  broad  sense,  is  the  basis  of  human  nutrition.  All 
dietary  standards  cluster  about  it  as  the  center  and  support  of  the 
system  of  nutrition.  Not  only  is  it  the  most  important,  but  at  the 
same  time  it  is  the  cheapest  of  nutrients.  Measured  by  actual  nutritive 
power,  there  is  no  other  complete  ration  which  in  economy  can  compare 
with  bread. 

Bread  is  here  spoken  of  as  a  complete  ration.  By  this  is  meant  a 
ration  which  in  itself  contains  all  the  essential  elements  of  nutrition. 
In  it  are  found  the  proteids  in  various  forms,  carbohydrates  of  different 
composition  of  which  starch  is  the  chief,  fats  and  oils,  phosphoric  acid, 
lime,  potash,  and  other  mineral  matters.  There  is  no  tissue  of  the  body 
which  can  not  be  completely  nourished  with  bread,  especially  if  it  be 
made  of  the  whole  wheat.  In  speaking  of  bread  as  a  complete  ration, 
it  is  not  meant  to  imply  that  no  other  food  is  necessary.  The  demands 
of  digestion  in  sentient  animals  are  wider  than  mere  nutrition.  The 
element  of  taste  and  flavor  is  always  a  most  important  one.  In  man 
not  only  are  the  tissues  to  be  nourished  and  replenished,  but  the  taste 
must  be  ministered  to  and  the  palate  flattered,  in  tbe  interests  of 
hygiene  and  gustatory  demands.  It  is  therefore  necessary  in  the  human 
dietary  to  regard  bread  as  the  foundation  on  which  is  to  be  erected  a 
structure  of  diet  which  abundantly  cares  for  the  needs  of  the  system, 
and  at  the  same  time,  by  its  constant  variation,  conforms  to  the 
demands,  maybe  whims,  of  the  gustatory  nerve.  Happily,  in  the  case  of 
bread,  we  have  many  sources  from  which  it  may  be  supplied.     The 
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principal  cereals  are  wheat,  maize,  rye,  barley,  rice,  oats,  and  buck- 
wheat. The  different  kinds  of  potatoes  have  also  served  for  bread 
making,  and  the  banana  and  cassava  root  are  likewise  em^oloyed  for  this 
purpose.  In  fact,  nearly  every  plant  furnishing  a  fruit  or  product  rich 
in  starch  has  been  utilized  for  bread  making,  and  starch  is  therefore  to 
be  considered  as  the  chief  constituent  of  bread  of  all  kinds. 

Xearly  related  to  bread  in  composition  and  in  dietetic  qualities  are 
various  compounds  made  with  the  flour  of  cereals  and  of  other  starchy 
materials.  These  products  have  many  different  names,  most  of  them 
being  included  under  the  name  biscuits,  or  crackers,  and  cakes  of 
various  descriptions.  In  addition  to  these,  however,  must  be  mentioned 
puddings,  different  preparations  of  oatmeal,  etc.,  known  as  breakfast 
foods,  and  similar  materials  prepared  in  different  ways  and  used  under 
a  great  variety  of  names.  The  scope  of  the  present  investigation, 
therefore,  is  seen  to  be  the  determination  of  the  composition  and  nutri- 
tive value  of  cereal  products  in  general,  of  which  bread  is  the  chief 
and  typical  one ;  all  the  others,  known  by  different  names,  being  related 
thereto  in  the  predominance  of  their  chief  constituents  and  in  their 
general  dietetic  value.  It  is  evident,  as  a  i^reliininary  study  in  the 
investigation  of  these  products,  that  an  accurate  knowledge  of  the  con- 
stitution of  the  cereals  themselves  is  necessary.  For  many  years  this 
division  has  been  engaged  in  investigations  of  the  composition  of 
cereals,  and  these  investigations  have  been  i^ublished  as  Bulletins  1, 
3,  9,  and  45,  of  the  Chemical  Division.  In  Bulletin  l^o.  45,  which  con- 
tains the  study  of  the  cereals  collected  at  the  World's  Columbian 
Exposition,  a  summary  of  the  composition  of  the  principal  cereals  has 
been  i)ublished,  and  this  summary  is  so  im^Dortant  in  the  present  inves- 
tigation that  it  is  advisable  to  insert  it  here. 

BARLEY. 

The  mean  composition  of  the  samples  of  barley  exhibited  at  the 
World's  Columbian  Exposition  and  analyzed  by  this  division  is  as 
follows  : 


Weiglit  of  100  kernels  ..  ..grams..  4.  533 

Moisture per  cent . .  11.  31 

Proteids do ... .   10.  61 

Ether  extract do ... .     2.  09 


Crude  fiber percent..     4.07 

Ash do....     2.44 

Carbohydrates,    other  than   crude 

fiber per  cent..   69.48 


The  composition  of  14  samples  of  barley  analyzed  in  this  division  is 
shown  in  the  following  table : 


Per  cent. 

Moisture 6.  47 

Proteids  soluble  in  80  per  cent  alco- 
hol   3.66 

Proteids  insoluble  in  80  per  cent  al- 
cohol    7.86 

Ash 2.87 


Per  cent. 

Ether  extract 2.  67 

Sugar 7.02 

Dextrin  aud  soluble  starch 3. 55 

Starch 62.09 

Crude  fiber 3. 81 


Per  cent. 

Per  cent. 

50.88 

^     54.29 

6.65 

6.80 

18.10 

17.  21 

}      24. 37 

,          0.83 
I        20. 87 
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CO.MrOSITIOX    OF    THE    PROTEIDS    OF    BaRLEY. 

According  to  Osborne  (18th  An.  Eep.  Conn.  Ex.  Sta.j,  the  follow- 
ing proteids  are  found  in  barley: 

Total  weight 
Soluble  proteids  :  of  seed. 

Leucosin per  cent..     0.  30 

Hordein do ... .     4.  00 

^^e'^t^^  1 do....     1.95 

Proteose  J 

Insoluble  proteids do 4.  .50 

The  composition  of  the  proteids  which  can  be  obtained  in  a  pure 
state  is  shown  iu  the  following  table: 

Composiiion  of  harley  proteids  in  pure  state. 

Constitueut  elen  tnts.  Leucosiu.   Edestin.    Hordein. 

I'er  cent. 

Carbon 52.  81 

Hydrogen 6.  78 

Nitrogen 16.  62 

Sulphur 1.  47 

Oxygen 22.  32 

In  case  the  composition  of  the  insoluble  proteids  is  approximately 
that  of  the  soluble,  the  total  nitrogen  content  of  the  proteids  of  the 
barley  is  about  17.6  per  cent.  The  factor  for  calculating  the  nitrogen 
to  proteids  in  barley  based  on  this  figure  is  o.GS  instead  of  the  common 
factor  6.25,  employed  in  computing  the  proteids  in  the  analyses  made 
in  this  division  and  mentioned  above.  Since  it  has  been  the  general 
custom  to  calculate  the  i)roteids  by  X  x  6.25  the  data  given  will  not  be 
changed,  but  the  recalculation  can  be  easily  made  by  anyone  who 
desires  to  make  use  of  the  new  factor. 

As  an  illustration  of  the    changes  in  composition  which  the  new 

factor  would  require,  the  instance  of  a  ty^ncal  American  barley  cited 

below  may  be  mentioned.     The  percentage  of  nitrogen  corresponding 

to  the  proteids  given  is  1.76.     This  figure  multiplied  by  5.68  gives  the 

product  10  for  total  proteids  instead  of  11.     Since  in  this  analysis  the 

carbohydrates  other  than  crude  fiber  are  calculated  by  difference,  the 

percentage  given  would  be  increased  from  69.45  t©  70.45  x^er  cent. 

Numerically  considered,  the   difference   in  the   two  sets  of  data  is 

important. 

Composition  of  Uxhulled  Barley. 

From  a  comparative  study  of  the  recorded  analyses  of  American 
barleys  it  is  evident  that  a  typical  unhuUed  American  barley  has 
approximately  the  following  composition  : 

Per  cent.   '  Tev  cent. 

Moisture .* 10.  85     Ash 2. 50 

Proteids 11. 00  j  CarboLydrates    other    tlian    crude 

Ether  extract 2.  25  i       liber 09. 55 

Crude  fiber 3.  85 
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lu  this  country  barley  is  scarcely  used  at  all  as  a  material  for  bread- 
making,  but  more  commonly  for  soup;  therefore  it  is  not  probable  that 
any  of  the  samples  whose  composition  is  given  farther  on  contains  any 
barley  flour  whatever.  The  barley  grain  in  this  country  is  used  almost 
exclusively  for  brewing  and  cattle  feeding.  When  used  for  brewing 
purposes  the  refuse,  known  as  brewers'  grains,  when  i)roperly  dried  and 
preserved,  becomes  a  valuable  cattle  food,  in  which,  however,  there  is 
a  deficiency  of  carbohydrates  as  compared  with  the  other  constituents. 

BUCKWHEAT. 

Only  a  few  samples  of  buckwheat  have  been  subjected  to  analysis  in 
this  laboratory,  and  of  these  the  mean  composition  of  10  of  American 
origin  follows: 

Weight  of  100  kernels  ..  .grams..  3.  069  i  Crude  fiber percent..   10.57 

Moisture per  cent . .  12.  31     i  Ash do 1.  85 

Proteids do 10.86     \  Carbohydrates,  other    than   crude 

Etherextract do 2.06     i       fiber per  cent..  62.  34 

Judged  by  the  limited  number  of  samples  examined,  a  typical 
American  buckwheat  has  approximately  the  following  composition: 

Weight  of  100  kernels grams..     3.00]  Crude  fiber percent..   10.75 

Moisture per  cent . .   12.  00     Ash do 1.  75 

Proteids , do 10.75      Carbohydrates,  other  than   crude 

Etherextract do 2.  00  j      fiber percent..  62.75 

In  the  buckwheat  it  will  be  noticed  that  there  is  a  large  percentage 
of  fiber  J  that  is,  of  carbohydrates  insoluble  in  the  ordinary  i:>rocesses  of 
analysis.  This  large  percentage  is  due  chiefly  to  the  thick  inaer 
envelope  which  surrounds  the  kernel.  In  the  process  of  grinding  this 
hull  is  mostly  removed,  so  that  the  buckwheat  flour  contains  a  smaller 
percentage  of  fiber  than  the  grain  itself.  It  is  probable  that  of  all  the 
cereals  and  flours  which  are  on  our  markets  the  buckwheat  is  the 
most  extensively  adulterated.  It  is  only  by  a  careful  microscopic 
examination  that  the  adulteration  of  buckwheat  flour  can  be  detected. 
Inasmuch  as  the  flour  of  other  cereals  is  very  much  cheaper,  it  becomes 
a  matter  of  financial  advantage  to  dealers  to  mix  the  buckwheat  flour 
with  that  of  cheaper  materials.  In  this  country  buckwheat  flour  is 
used  to  a  large  extent  in  the  baking  of  pancakes,  which  are  eaten  hot 
with  sirup  or  honey.  It  therefore  is  a  matter  of  considerable  impor- 
tance in  the  present  investigation.  The  buckwheat  flour  gives  a  cake 
of  somewhat  dark  color,  owing  to  a  mixture  of  a  part  of  the  hulls  there- 
with, and  this  is  a  common  index  in  the  judgment  of  its  purity.  Certain 
rye  flours,  however,  also  give  dark-colored  cakes  and  breads,  and  there- 
fore the  appearance  of  this  dark  color  is  not  always  a  certain  indication 
of  the  purity  of  the  sample.  Even  buckwheat  flour  when  bolted  through 
fine  cloth  gives  an  almost  white  cake.  When,  however,  the  buckwheat 
is  mixed  with  flour  made  of  wheat  or  maize  the  light  color  is,  as  a  rule, 
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the  distinguishing  feature,  but  such  a  light  color  is  no  positive  proof  of 
adulteration. 

The  separation  of  the  proteids  in  buckwheat  has  not  been  recently 
made,  and  it  is  not  possible,  therefore,  to  give  a  statement  of  their  dif- 
ferent components,  as  in  the  case  of  barley  and  the  other  cereals. 
They  doubtless  consist  of  soluble  and  insoluble  portions  resembling  in 
composition  the  typical  proteids  of  those  two  classes. 


The  most  important  cereal,  from  an  economical  point  of  view  and 
also  from  its  dietary  importance,  which  is  grown  in  the  United  States 
is  maize.  In  all  parts  of  the  country  it  forms  a  considerable  percentage 
of  the  food  of  our  people,  and  especially  is  this  true  in  the  Southern 
States,  where  corn  bread,  among  parts  of  the  population,  is  the  chief 
bread  food  used.  In  various  other  forms,  as  hasty  pudding  (mush)  and 
in  other  methods  of  preparation,  it  enters  largely  into  our  dietaries. 
Although  important  as  a  human  food,  the  principal  uses  of  maize  are  in 
cattle  feeding,  and  in  the  manufacture  of  starch,  of  whisky,  and  of 
alcohol.  On  account  of  its  great  importance,  a  somewhat  careful  study 
of  its  composition  in  this  place  is  justifiable.  For  the  typical  samples 
grown  in  the  United  States  and  collected  at  the  World's  Columbian 
Exposition  at  Chicago,  the  following  represents  the  constitution: 


Weight  of  100  kernels  . .  .grams. .  38. 979 

Moisture per  cent . .  10.  93 

Proteids do...-  9.88 

Ether  extract do 4. 17 


Crude  fiber per  cent..     1.  71 

Ash do 1.36 

Carbohydrates,  other  than    crude 
fiber per  cent..  71.95 


The  following  table  represents  the  maxima,  minima,  and  means  of 
the  constituents  of  maize  collected  in  all  parts  of  the  world : 

Table  of  maxima,  minima,  and  means  of  constituents  of  maize. 


Kinds  and  numbers  of 
samples. 


Weight  I 
of  100     Moisture.  Proteids. 
kernels. 


Domestic  corn : 

Grams. 

Maxima 

a48.312 

Minima 

'    clO.608 

Means 

38  979 

Foreign  corn : 

Maxima 

e46.487 

Minima 

1  /18.428 

Means 

'       28.  553 

Means  of  samples  from  tlie 
United  States  exhibited  at 
the  Columbian  Exposition 
(18  analyses) 

Means  of  foreign  samples  ex- 
hibited at  the  Columbian 
Exposition  (2  analyses) 


38.9'; 


28.  553 


a  Kentucky. 
b  Indiana. 


Per  cent.    Per  cent. 
612.32  ,      all.  55 


6  9.58 
10.93 

/12.60 

e  10.  43 

11.71 


11.71 


c  Wisconsin. 
(/New  Hampshire. 


68.58 


/ll.  55 
e9.80 
10.72 


10.72 


Carbo- 
hydrates, 
excluding 
fiber. 


Per  cent. 

a  5.  06 

6  2.94 

4.17 


e4.85 

/4.02 

4.51 


4.17 


4.51 


eNe\v  South  Wales. 
/Bulgaria.  ■ 


Per  cent. 

6  2.00 

(Zl.OO 

1.71 

/2.20 
el.  57 

1.87 


1.71 


l.«7 
I/Ar 


Per  cent. 

61.55 

al.l9 

1.36 

(71.80 

/I.  26 

1.54 


1.36 


1.54 
'en tine  Ko 


Per  cent. 

b  75.  07 

a  68. 97 

71.95 

e  71.  85 

^68.02 

60.65 


71.95 


m.  65 


l)ublif 
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Table  of  maxima,  minima,  and  means  of  constituents  of  maize — Continued. 


Kinds  and  numbers  of 
samples. 


Weight 

of  100 

kernels. 


Means  of  former  analyses  of 
the  Department  of  Agricul- 
ture: 

United  States 

INorthern  States ' 

Southern  States | 

Middle  West 

Far  West | 

Pacific  Slope ' 

Jenkins    and    Winton     (208  I 

analyses) i 

Konig — Mean  composition  of  j 
samples   from  various    lo- 
calities :  j 
Miscellaneous  origin  (137)  j 

Italian  samples  ('24) j 

American  samples  (80)  ... 

Dent  corn  (149) 

Sugar  corn  (27) i 

Southeastern  Europe  (19) 
Southwestern  Europe  (8) 


Grams. 
(a) 

36.  474 

37.  320 
40.  659^ 
32.  457 
37.  528 
27.  900 


Per  cent.  \  Per  cent. 


ih) 

10.04 
9.98 
8.96 

12.33 
9.50 
9.78 

10.90 


13.35 
13.13 
10.02 
10.14 
8.70 
14.53 
12.47 


(c) 

10.39 
10.64 
10.95 
10.89 
10.43 
8.14 

10.50 


9.45 
10.26 
10.17 

9.36 
11.43 

9.42 

8.84 


Ether 
extract. 

Crude 
fiber. 

Per  cent. 

Percent. 

(b) 

ib) 

5.20 

2.09 

5.11 

1.41 

4.94 

1.72 

4.97 

2.22 

5.30 

2.47 

6.40 

2.07 

5.40 

2.10 

4.29 

2.29 

3.84 

2.88 

4.78 

1.67 

4.96 

2.21 

7.79 

2.86 

4.13 

2-.  34 

5.80 

4.16 

Carbo- 
hydrates, 
excluding 
fiber. 


Per  cent. 
(c) 
1.55 
1.54 
1.37 
1.43 
1.55 
1.48 

1.50 


1.29 
1.95 
1.40 
1.47 
1.81 
1.39 
2.06 


Per  cent, 
(b) 
70.69 
71.  32> 
72.06 
68.16 
70.75 
72. 13 

69.60 


67.72 
68.63 
68.65 
62.76 
69.37 
65.79 


a  1211  analyses. 


b  114  analyses. 


c  202  analyses. 


Comparing-  the  means  of  the  analyses  of  American  samples  with 
those  of  foreign  origin,  we  are  struck  with  the  excess  of  moisture  in  the 
foreign  samples.  In  those  from  southwestern  Europe  are  found  4  per 
cent  more  moisture  than  in  samples  of  domestic  origin.  Among  the 
samples  grown  in  the  United  States,  those  in  the  Middle  West,  viz, 
Iowa,  Missouri,  Ij^ebraska,  etc.,  contain  the  largest  amount  of  moisture, 
while  those  grown  in  the  arid  regions  have  the  smallest  amount.  Of  the 
domestic  samples  exhibited  at  the  World's  Fair  it  was  found  that  the 
mean  content  of  water  was  10.93  i^er  cent,  nearly  1  per  cent  higher  than 
the  mean  of  former  analyses  of  the  Department.  The  weight  of  100 
kernels  was  a  little  more  than  that  before  found,  and  this  is  not  a  sur- 
prising fact,  inasmuch  as  it  would  be  natural  for  exhibitors  to  send  not 
only  the  largest  ears  but  also  the  largest  grains  to  the  Exposition. 
The  percentage  of  proteids  in  the  domestic  World's  Fair  samples  was 
surprisingly  low,  being  about  0.75  per  cent  less  than  was  found  in  the 
samples  examined  a  few  years  ago.  On  the  other  hand,  the  percentage 
of  carbohydrates  was  about  one  point  higher  than  that  obtained  in  the 
former  work.  In  the  above  table  is  found  a  convenient  comparison  of 
the  means  of  maize  analyses  from  all  parts  of  the  world. 

The  typical  American  maize  should  have  approximately  the  following 
composition : 


Weight  of  100  kernels ■.  grams . .  38.  00 

Moisture per  cent . .  10.  75 

Proteids do ... .  10.  00 

Ether  extract do 4.  25 


Crude  fiber per  cent. .     1. 75 

Ash do--..     1.50 

Carbohydrates,  other  than   crude 
fiber per  cent..  7L.  75 
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Maize  Protei]>s. 

The  maize  proteids  have  been  studied  by  Chittenden  and  Osborne, 
who  divide  them  as  follows : 

Globulins:  Unnamed,  myosin,  vitelline. 

Albumins:  (1)  Existing  in  small  quantities,  (2)  existing  in  small 
quantities. 

Zeius:  (1)  Soluble  in  alcohol,  (2)  insoluble  in  alcohol. 

Of  these  bodies  the  albumins  have  not  been  obtained  sufficiently 
pure  to  give  the  final  data  of  composition.  The  other  proteids  have 
the  following  composition: 

Composition  of  maize  proteids. 

,,       ...        ,    1  X  TVT  ^»{,     i  Tr,-f«ii,„„     Uimamed    Soluble    Insoluble 

Constituent  elements.  Myosin.  [  Vitelline,    g^^^^^j.^       ^^^^^  ^^j^^ 


Per  cent.  Per  cent.     Per  cent,  j  Per  cent.  Per  cent. 

Carbon 52.66  1  51.71           52.38           55.28  55.15 

Hydrogen 7.02'  6.85             6.82             7.27!  7.24 

Nitrogen 16.76  18.12           15.2.5           16. 09  j  16.22 

Sulphur I          1.30  0.86!          i.  26             0.59  0.62 

Oxygen 22. 2d  22. 46  i        24. 29           23. 77  20. 77 

The  relative  quantities  of  the  different  proteids  have  been  lately 
definitely  determined,  but  the  two  zeins  comi^rise  by  far  the  largest 
part.  As  a  result  of  Osborne's  latest  determination,  it  may  be  stated 
that  the  mean  percentage  of  nitrogen  in  maize  x^roteids  is  16.057,  equiv- 
alent to  the  factor  6.23.  This  is  so  near  the  old  factor  6.25  as  to  make 
unnecessary  any  correction  in  the  percentages  of  total  proteids  given 
above. 

Variation  of  Maize  Under  Different  Climatic  Conditions. 

Certain  special  varieties  of  early  maturing  maize,  or  sweet  maize 
intended  for  table  use  when  in  the  partially  ripe  state,  may  be  detected 
by  the  large  quantity  of  sugar  which  they  contain,  especially  when  the 
starch  is  still  soft.  In  the  earlier  investigations  of  the  Department,  it 
was  noticed  that  the  percentage  of  crude  fiber  was  somewhat  larger 
in  the  West  and  South  than  in  the  North  and  East,  and  further  that 
in  samples  grown  on  the  Pacific  coast  there  was  a  slight  deficiency 
of  proteids.  Further  investigations,  however,  would  be  necessary  to 
determine  whether  or  not  this  apparent  increase  in  fiber  be  due  to  the 
accidental  constitution  of  the  sample  or  to  the  real  infiuence  of  the  soil 
and  climate.  It  is  reasonable  to  expect  that  in  some  slowly  maturing 
varieties,  such  as  would  grow  in  the  Southwest  and  Sonth,  the  ])er- 
ceutage  of  fiber  in  the  grain  would  be  greater  than  in  the  more  rapidly 
maturing  varieties  growing  in  the  East  and  Xorth. 

In  the  case  of  sugar  or  sweet  corn  Eichardson  found  the  mean  com- 
position of  19  samples  to  be  the  following: 

Per  cent.   ;  Tt  r  cent. 


Moisture '. 8.  44 

Proteids  11.  48 

Ash 1.97 

Ether  extract 8.  57 

17498— No.  13 2 


Crude  liber 2.  82 

Carbohydrates,  other   than   crude 

fiber (>6.  72 
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Tliis  analysis  shows  that  the  sweet  corn  has  a  considerably^  larger 
percentage  of  oil  than  the  field  varieties,  and  there  is  a  larger  percent- 
age of  sugar  in  the  carbohydrates.  A  study  of  all  the  analyses  which 
have  been  made  in  this  division  reveals  the  fact  that  maize  is  one  of 
the  most  invariable  of  the  cereals,  maintaining  under  the  most  different 
climatic  conditions  a  most  remarkable  uniformity  of  composition,  and 
varying  chietiy  in  the  size,  color,  and  general  physical  characteristics 
of  its  kernels  rather  than  in  their  composition.  For  detailed  informa- 
tion in  regard  to  the  variations  and  general  characteristics  of  different 
varieties  of  maize  grown  in  different  localities,  Bulletins  1  and  45  of 
this  Division  may  be  consulted. 

OATS. 

In  the  United  States  the  quantity  of  oats  grown  is  very  great,  but 
only  an  inconsiderable  portion  of  the  whole  is  used  for  human  food,  and 
this  chiefly  in  the  form  of  oatmeal,  used  for  making  the  so-called  break- 
fast foods  and  other  puddings.  The  investigations  of  this  division,  as 
recorded  in  Bulletin  9,  show  that  the  ratio  of  kernel  to  husk  of  oats 
grown  in  the  United  States  is  73  to  27.  In  tlie  Western  States  the 
proportion  of  kernel  is  relatively  higher,  and  in  the  Southern  States 
lower.  One  hundred  sami^les  of  the  hulls  of  oats,  collected  from  all 
parts  of  the  United  States,  were  found  to  have  the  following  mean 
composition : 

Per  cent. 

Moisture 5. 22 

Proteids 2. 48 


Ash 5.59 


Per  cent. 

Crude  fiber 17.88 

Carbohydrates,    other   thau   crude 
fiber -68.83 


In  the  above  data  any  bodies  soluble  in  ether  are  included  with  the 
carbohydrates,  but  the  hulls  contain  only  a  small  quantity  of  such 
substances. 

A  large  number  of  samples  of  typical  oats  was  collected  at  the 
World's  Columbian  Exposition,  and  the  mean  composition  of  the 
unhulled  kernels  grown  in  the  United  States,  as  determined  by  an 
e.xa.nination  of  these  samj^les,  was  as  follows: 

Weight  of  100  kernels...  grams..     2.918  i  Crude  fiber percent..   12.07 

Moisture percent..   10.06       Ash   do....     3.46 

Proteids do 12.15     |  Carbohydrates,    other  than   crude 

Ether  extract do 4.33     |       fiber per  cent..  57.  93 

The  large  quantity  of  crude  fiber  in  the  case  of  the  oats  is  due*  to  the 
heavy  chaff  surrounding  the  kernel.  It  will  be  of  interest  here  to  pre- 
sent, as  in  the  case  of  maize,  a  comparative  table  showing  the  compo- 
sition of  oats,  as  determined  by  all  recorded  analyses.  In  presenting 
such  tables  it  should  be  noted  that  the  analysis  of  the  World's  Colum- 
bian Exposition  samples  should  be  given  the  preference  in  regard  to 
determining  the  typical  character  of  these  cereals,  on  account  of  the 
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facts  that  the  samples  themselves  were  presumably  typical  of  the  best 
varieties,  and  that  the  methods  of  analysis  employed  were  the  most 
recent  and  reliable.  At  the  top  of  the  table  the  numbers  under 
^'Domestic  oats"  and  ''Canada"  represent  the  samples  on  exhibition 
at  Chicago  in  1893.  A  comparison  of  the  results  of  these  analyses 
with  those  heretofore  made  by  this  Department  and  in  other  places 
may  be  made  from  the  table. 

Table  of  maxima,  minim.a,  and  means  of  consiituents  of  oats. 


Kinds  and  numbers  of 
samples. 


Weight 

of  lUO     Moisture.  Proteids 
kernels. 


Ether 
extract. 


Crude 
fiber. 


Domestic  oats : 

Maxima 

Minima  

Means 

Canada: 

Maxima 

Minima   

Means 

Means  of  World's  Fair  sam- 
ples (72  analyses) 

Means  of  samples  previously 
analyzed  by  Department 
of  Apiculture,  hulled  (179 

analyses)  

Means  of  Jenkins  and  Win- 
ton  (30  analyses) 

Kiinig — Mean  composition  of 
sa  nple^j  from  vai'ious  local- 
ities : 

Miscellaneous  (377) 

Middle  and  north  Ger- 
many (31) 

Southern  and  southwest- 
ern Germany  (16) 

Austro-Hungary  (14) 

France  (196) 

United  States  (22) 


Grams.  .  Per  cent.    Per  cent.  Per  cent.    Per  cent. 

a3.891        a  13. 02        615.05  6  6.14  '     a  16. 65 

rf2.058          e7.87         rf9.l0  aO.93          68.57 

12. 15  4. 33           12. 07 


2.918 

10.06  ' 

4.253 

11.  63 

2.  791 

8.52 

3.364 

9.46 

2.995 

9.  96 

A2.  .5C7  !    6.93 


11.00 


12. 11 
12.45 


12.78 
10.68 
11.83 


10.66 
10.82 


13.39  I  11.36 

11.85  11.41 

13.50  '  9.52 

12. 11  10.  11 


5.  56  15.  65 

3.  79  8.  52 

4.73  11.39 


4.42 


14.31  8.14 


11.80  ,  5.00 


5.30 
5.84 
3.46 

6.24 


i    Carbo- 
Aah       '  hydrates, 
excluding 
fiber. 


11.  92 


1.38 
9.50 


4.  99  '         10.  5S 
5.30  !        10.25 


9.93 

11.01 

9.18 

0.33 


Per  cent.  Per  cent. 

C4.37  d61.44 

/2.47  gm.lO 

3.46  i  58.75 


3.29 
2.71 
2.92 

3.35 


2.15 
3.00 


3.29 

3.29 

3.18 
3.23 
3.20 
2.  03 


61.98 
57.61 
59.69 


67.09 
59.70 


58.37 

58.23 

58. 12 
56.40 
62.47 
68.61 


a  Wa.shington. 
6  Kansas. 


c  Wyoming. 
cZ  Illinois. 


eOhio. 
/Pennsylvania, 


(J  Michiiran. 
h  Uuhulled. 


Notes  ox  Analyses  of  Oats. 

In  discussing  the  comparative  results  contained  in  the  above  table, 
it  will  be  noticed  at  once  that  the  samples  examined  at  the  World's 
Fair  contained  much  less  moisture  than  those  reported  by  Konig. 
These  samples  were  almost  wholly  of  domestic  origin,  and  thus  show 
that  the  oats  follow  the  other  cereals  which  have  been  mentioned  in 
having  a  less  quantity  of  moisture  when  g  own  in  the  United  States. 
The  percentage  of  crude  fiber  also  appears  to  be  somewhat  larger  than 
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in  other  sets  of  samples.  This  may  be  due  to  the  fact  that  naturally  the 
largest  and  finest  looking  kernels  would  be  selected  for  exhibition  and 
the  hulls  of  these  kernels  would  be  correspondingly  developed.  In  the 
samxjles  formerly  examined  by  the  Department  of  Agriculture  we  fiud 
the  same  striking  deficit  in  moisture  that  has  been  noticed  in  the  other 
cereals,  and  the  consequent  increase  in  the  i^ercentage  of  other  constit- 
uents, notably  proteids  and  ethey  extract.  It  must  not  be  forgotten, 
however,  that  these  samples  can  not  be  compared  with  the  other  sets 
in  the  series,  because  the  hulls  of  the  kernels  were  removed  before  the 
analyses  were  made.  Taking  into  consideration  all  the  data  at  hand, 
it  may  be  said  that  the  typical  oats  of  the  United  States  may  be  shown 
as  follows  : 

Composition  of  typical  unliuUed  oats. 

Weight  of  100  kernels grams . .     3.  0 

Kernels do 2.1 

Hulls do....     0.9 

Moisture per  cent . .  10.  0 

Proteids do 12.0 

Ether  extract .do 4.5 

Cnule  fiber do 12.0 

Carbohydrates,  other  than  crude  fiber do 58.  0 

Variation  or  Composition  of  Oats. 

In  regard  to  the  influence  of  soil  and  climatic  conditions  on  the  com- 
position of  oats,  Eichardson,  in  Bulletin  is'o.  9,  makes  the  following- 
observations  : 

The  chemical  composition  of  the  specimens  appears  from  the  preceding  data  to  be 
rather  surprising.  It  was  reasonable  to  suppose  that  as  oats  deteriorate  so  readily, 
and  are  apparently  so  easily  influenced  by  their  environment,  great  variations  would 
be  found  in  their  composition  under  dift'erent  climatic  conditions,  as  is  the  case  with 
wheats.  Brewer  remarks  in  his  census  report  that  a  hundred  or  more  analyses 
would  be  requisite  to  set  at  rest  all  questions  in  regard  to  this  grain,  and  that  they 
would  be  an  extremely  valuable  contribution  to  our  knowledge  of  the  comparative 
nutritive  values  of  the  oats  grown  in  different  j)ortions  of  the  United  States  and 
their  relative  economic  values.  Oue  hundred  and  seventy-nine  analyses  have  been 
made,  and  we  learn  that  there  is  not  that  variation  in  the  oat  kernel  itself  which  was 
expected  to  be  due  to  climatic  condition.  The  proj)ortion  of  husk  to  kernel  and  the 
compactness  of  the  grain  prove  to  be  the  all-important  factor,  and  the  weight  per 
bushel  the  best  means  of  judging  of  the  value  of  the  grain. 

The  only  peculiarities  noticed  are  that  the  18  si3i'cimens  from  the  Pacific  slope  are 
poorer  in  proteids  and  richer  in  crude  fiber  than  the  averages  for  other  parts  of  the 
country.  The  average  for  the  hulls  from  the  West  show  the  i)resence  of  more  ash 
than  in  those  from  the  East,  and  more  crude  fiber,  and,  like  the  kernels,  they  are 
slightly  deficient  in  proteids.     *     *     * 

An  immense  number  of  conditions  seems,  therefore,  to  aftect  the  characteristics  of 
this  grain,  and  while  in  many  ways,  at  first  glance,  it  seems  to  be  less  changeable 
than  one  would  expect,  on  examination  it  appears  to  be  quite  largely  influenced  by 
all  the  circumstances  of  its  environment,  and  in  a  more  irregular  way  than  wheat. 

Throughout  all  the  averages  it  will  be  seen  that  oats  are  much  drier  than  other 
grains,  owing  largely  to  their  small  size.     In  ash  and  fiber  they  are  not  exceptional. 
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The  Proteids  of  the  Oat  Kernel. 

Osborne  has  stndiecl  the  composition  of  the  proteids  of  the  oat  kernel, 
and  found  that  there  are  three  primary  proteids,  which  are  character- 
ized by  being  sohible  in  alcohol,  common  salt  solution,  and  nlkali  solu- 
tion, respectively.  The  composition  of  the  three  proteids  is  shown  in 
the  following  table: 

Primary  oat  proteids. 


Alcohol-     Salt-sohible 


Alkali-sol  u- 


ConstlTuent  elements. 


soluble  pro-    proteid  or   , ,    Ttrotei'd- 

teul;aver-     globulin:    "i^^Sp^V 

age  of  5      average  of    l^^^i'if.^V 

analyses.    I  9  analvsee.    ^  ^°^ -^  •^*^''- 


Per  cent. 


Carbon 53.01 

Hydrogen j  6.91  , 

ZSTitrogen i  16.  43  | 

Sulphur ;  2.26  i 

Oxygen ,  21.39 

Total 100.  CO 


Fer  cent. 

Per  cent. 

52. 19 

53.56 

7.00 

7.09 

17.86 

16.20 

0.65 

0.90 

22.30 

22.25 

luO.  ou 


100.  00 


The  average  content  of  proteid  matter  in  the  oat  kernel  is  about  14 
per  cent.  Of  this  the  proteids  soluble  in  alcohol  form  about  IJ  per 
cent.  The  proteids  soluble  in  salt  solution  form  IJ  per  cent,  and  the 
proteids  soluble  in  alkali  the  remainder.  From  these  data  the  projjer 
factor  for  calculating  the  i)roteid  matter  in  the  oat  kernel  from  the  per- 
centage of  nitrogen  is  easily  obtained,  the  mean  percentage  of  nitrogen 
in  the  proteid  being  16.4  per  cent,  and  the  factor  being  6.10. 


RICE. 

This  cereal  may  reach  the  analyst  in  three  different  states,  viz, 
unhulled,  hulled,  and  polished.  He  may  also  have  occasion  to  exam- 
ine the  broken  fragments  used  in  polishing  and  hulling,  the  waste  in 
manufacturing  rice  bran  and  other  products.  The  most  important  of 
these  products  in  the  present  connection  is  the  polished  rice  as  it  is 
found  in  commerce,  ready  for  preparation  as  food.  In  this  country  rice 
is  not  frequently  used  in  the  form  of  bread,  but  almost  exclusively  in 
the  freshly  boiled  state,  in  puddings  and  other  similar  preparations. 
Rice  is  a  cereal  in  which  the  starchy  matters  predominate,  and  in 
which  there  is  a  marked  deficiency  of  i^roteids  and  oils  as  comj^ared 
with  other  standard  cereals.  The  composition  of  rice,  as  determined  by 
the  analysis  of  samples  exhibited  at  the  World's  Columbian  Exposition, 
and  by  standard  authorities,  is  best  shown  in  the  table  of  maxima, 
minima,  and  means,  as  in  the  case  of  the  other  cereals  which  have 
been  mentioned.  In  the  following  table  the  items  marked  I,  II,  and  III 
represent  data  obtained  at  the  World's  Columbian  Exposition,  while 
the  means  of  all  the  samples  there  analyzed  are  given  in  another  part 
of  the  table. 
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Table  of  maxima^  7ninima,  and  means  of  constituents  of  rice. 


Kinds  and  numbers  of 
samples. 

Weight 

of  100 

kernels. 

Moisture. 

Proteids. 

Ether 
extract. 

Crude 
fiber. 

Ash. 

Carbo. 

hydrates, 

excluding 

fiber. 

I.  Eice  in  the  hull  (foreign) : 

Grams. 

ft  3.  250 

6  2.842 

2.979 

C2.826 

c  2.  260 

2.466 

6  2.  633 

a  1.560 

2.132 

Per  cent. 

6  11.  52 

ft  9.  03 

9.88 

C12.57 

clO.  92 

11.88 

613.15 

C11.S2 

12.34 

12.40 
9.70 
8.20 

10.00 

11.99 
12.58 
12.52 

10.28 

n.88 

12.  34 

Per  cent. 

6  8.40 

a  8.  23 

8.32 

ClO.  50 

c7.  27 

8.02 

6  10.  33 

C5.42 

7.18 

7.40 
12.10 

3.60 
11.70 

6.48 
6.73 
7.52 

7.95 

8.02 
7.18 

Per  cent. 

6  2.04 

a  1.44 

1.71 

C2.26 

cl.62 

1.96 

cO.  54 

CO.  04 

0.26 

0.40 
10.90 
0.70 
7.30 

1.65 
1.88 
0.84 

1.65 

1.90 
0.26 

Per  cent. 

611.47 

6  9.45 

10.  62 

cl.OO 

cO.87 

0.93 

ft  0.56 

ft  0.27 

0.40 

0.20 

9.50 

35.70 

6.30 

6.48 
1.53 
0.48 

10.42 

0.93 
0.40 

■Per  cent. 

ft  4.  66 

6  3.26 

4.12 

cl.22 

cl.04 

1.15 

ft  0.65 

cO.28 

0.46 

0.40 
10.00 
13.20 

6.70 

3.33 
0.82 
0.64 

4.09 

1.15 
0.46 

Per  cent. 

ft  65  01 

Means 

65  35 

II.  Unpolished  rice  (foreign) : 

c77  34 

Minima 

c73  35 

76.05 

III.  Polished  rice  (foreign) : 

c81  66 

Minima                         . .   .  - 

6  75  62 

79.36 

Mean    composition    of    pol- 
ished rice,  etc.,  as  given  by 
Jenkins  and  Wintou: 
Polishedrice(lOanalyses) . 

79.20 

49.90 

38.60 

58.00 

Mean  composition    of    rice, 
etc.,  as  given  by  Konig: 

70.07 

Hulled  rice  (41  analyses)  ' ...... 

76.46 

78.00 

Means  of  World's  Fair  sam- 
pies: 
Unhulled  rice  (4  analyses) . 
Unpolished  rice  (6  analy- 

2.929 

2.466 

2.132 

65.60 
76.05 

Polished  rice  (14  analyses) . 

79.36 

ft  Guatemala. 


6  Johore. 


c Japan. 


The  mean  comi:)Ositiou  of  the  different  classes  of  rice  as  sliowu  by  tlie 
aualyses  of  the  World's  Fair  samples  is  almost  the  same  as  that  shown 
by  the  work  of  other  analysts  collated  as  indicated  above.  A  typical 
unhulled  rice  has  about  the  following  composition: 


Weight  of  100  kernels grams. .  3.  00 

Moisture per  cent. .  10.  50 

Proteids do ... .  7.  50 

Ether  extract do 1.  60 


Crude  fiber percent..     9.00 

Ash do ... .     4. 00 

Carbohydrates^  other   than    crude 

liber per  cent . .  67.  40 


A  typical  hulled  rice,  but  unpolished,  has  about  the  following  compo- 
sition : 


Weight  of  100  kernels grams..     2.50 

Moisture per  cent . .   12.  00 

Proteids do ... .     8. 00 

Ether  extract do 2.  00 


Crude  fiber per  cent..     1.  00 

Ash do ...  -     1.  00 

Carbohydrates,   other  than    crude 
fiber percent..  76.00 


RYE. 


1183 


A  typical  polished  rice  has  a  composition  represeDted  l3y  the  follow- 
in  «•  numbers: 


Weight  of  100  kernels  ....  grams . .     2.  20 

Moisture per  cent . .   12.  40 

Protoids do 7.  50 

Ether  extract do 0. 40 


Crude  fiber per  cent . .     0. 40 

Ash do ... .     0.  50 

Carbohydrates,   other   than    crude 

fiber per  cent . .   78.  80 


Pkoteids  of  Rice. 

No  modern  studies  of  the  proteids  of  rice  have  been  made,  and,  in  the 
lack  of  detailed  description  of  the  different  proteids  which  the  rice 
contains,  the  whole  proteid  matter  may  be  calculated,  as  is  usual,  by 
multiplying  the  percentage  of  nitrogen  by  6.25. 

RYE. 

Eye  is  not  used  to  any  great  extent  by  the  native  citizens  of  the 
United  States  as  a  source  of  bread  making.  In  Euroi)e  it  is  one  of  the 
most  important  constituents  of  bread,  and  is  used  to  some  extent  by 
our  naturalized  citizens. 

Typical  samples  of  rye  were  obtained  at  the  World's  Columbian 
Exposition,  and  the  figures  obtained  by  their  analysis  are  compared 
with  other  reliable  data  in  the  subjoined  table.  The  data  under  the 
captions  "domestic"  and  ^'foreign"  represent  the  Columbian  samples, 
as  given  in  Bulletin  45  of  this  division. 


Table  of  maxima,  minima,  and  means  of  constituents  of 

rye. 

Kinds  and  numbers  of 
samples. 

Weight 

of  100 

kernels. 

Moisture. 

Proteids. 

Ether 
extract. 

Crude 
fiber. 

Ash. 

Per  cent. 

a  2.  41 

a  1.71 

1.92 

/I.  95 

el.  88 

1.92 

1.92 
1.92 

2.09 

1.90 

2.06 
1.93 
1.97 
1.91 
2.11 
1.94 

Carbo- 
hydrates 

exclud- 
ing fiber. 

Domestic : 

Grams. 

a  4.  201 

a  1. 932 

2.493 

e  3. 417 

/  2. 031 

2.724 

2.493 
2. 516 

2.070 

Per  cent. 

a  11. 45 

a  9. 54 

10.62 

/ 14. 10 

e  10. 74 

12.42 

10.62 
10.77 

8.67 

11.60 

11.15 
12.00 
14.84 
12.31 
14.29 
13.37 

Per  cent. 

a  18.  99 

d8.40 

12.43 

/  12.  25 
C9.28 
10.77 

12.43 
12.26 

11.32 

10.60 

10.  81 
12.  90 
11.01 
12.04 
8.50 
11.52 

Per  cent. 

&2  30 

a  1.16 

1.65 

el.  61 

/0.37 

0.99 

1.65 
1.58 

1.94 

1.70 

1.77 
1.98 
1.70 
1.98 
2.29 
1.84 

Per  cent. 
C2.50 
a  1.65 

2.09 

/2.25 

el.  75 

2.00 

2.09 
2.08 

1.46 

1.70 

1.78 
1.71 
2.17 
2.73 
1.47 
2.45 

Per  cent, 
d  75.  36 

a  63.  61 

Means       

71  37 

Foreign : 

Maxima 

e  74.  74 

/  69.  08 
71.91 

Means  of  World's  Fair  sam- 
ples: 

Domestic  samples  (18) 

All  samples  (20) 

71.37 
71  4'> 

Means  of  previous  analyses 
by  the  Department  (57  sam- 
ples)   

74  52 

Means  given  by  Jenkins  and 
Winton  (6  samples) 

7*^  50 

Means  given  by  Kiinig: 

Miscellaneous  (173) 

70  ''1 

Sprinsr  rve  (11)   ....  . 

P3  w 

Noith  Germany  (27) 

69  78 

South  Germany  (36) 

67  97 

Sweden  (3) 

71  34 

All  Germany  (63) 

68  88 

a  Illinois.     "  6  New  York.       c  New  Hampshire.       d  Oi-egon.       e  Spain.       /  Brazil. 
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We  see  agaiti,  in  the  comparison  of  the  means,  the  greater  dryness  of 
the  United  States  ryes.  This  is,  as  has  been  the  case  heretofore  in  the 
cereals  already  mentioned,  especially  marked  in  the  analyses  made  a 
few  years  ago  by  the  Department.  In  the  World's  Fair  samples  the 
difference  is  less  marked,  the  percentage  of  moisture  being  almost  as 
high  as  in  the  foreign  samples. 

The  United  States  ryes  are  also  distinguished  by  their  smaller  ker- 
nels. Even  the  samples  on  exhibition  in  Chicago,  AYhich  were  presum- 
ably those  of  the  finest  and  plumpest  kernels,  were  not  nearly  so  large 
as  the  kernels  of  the  foreign  samples.  They  were,  however,  distinctly 
larger  and  heavier  than  the  kernels  analyzed  here  a  few  years  ago. 

In  the  percentage  of  proteids  the  United  States  samples  are  fully 
equivalent  to  those  of  foreign  origin,  and  in  their  mean  composition 
their  other  constituents  do  not  differ  greatly  from  those  of  standard 
varieties  abroad.  The  cultivation  of  rye  is  not  very  extensively  prac- 
ticed in  the  United  States,  and  that  which  is  grown  is  used  chiefly  for 
the  manufacture  of  whisky  and  for  cattle  food,  and  not  for  bread  mak- 
ing, as  is  the  case  in  Europe. 

A  typical  American  rye  has  approximately  the  following  composi- 
tion : 

Weight  of  100  kernels grams . .     2.  50  :  Crude  fiber per  ceut . .     2. 10 

Moisture percent..   10.50      Carbohydrates,   other   than  crude 

Proteids do 12.25         fiber percent..   71.75 

Ether  extract do 1. 50  ,  Ash do 1. 90 

Proteids  of  Eye. 

The  proteids  of  the  rye  kernel  have  been  recently  investigated  by 
Osborne  (18th  Annual  Eeport,  Conn.  Experiment  Station,  pages  147 
and  following),  and  as  a  result  of  these  studies  it  has  been  established 
that  the  commonly  employed  factor,  namely,  6.25,  which  has  been  used 
for  calculating  proteids  for  rj^e  from  the  percentage  of  nitrogen,  is  too 
large.  Owing  to  the  presence  of  a  gum  which  interferes  with  the  pro- 
cesses of  filtration,  it  has  not  been  found  practicable  so  far  to  secure 
the  separation  of  the  proteid  matter  with  such  detail  as  has  been 
accomplished  in  some  other  cereals;  in  other  words,  it  has  not  been 
found  possible,  so  far,  to  ser)arate  the  globulin,  albumins,  and  proteose. 
In  general,  the  proteids  of  rye  may  be  classified  as  follows :  Proteids 
insoluble  in  dilute  salt  solution;  proteids  soluble  in  dilute  salt  solution. 
The  latter  class  may  be  subdivided  as  follows:  A  proteid  gliadin, 
soluble  in  alcohol;  a  proteid  leucosin,  soluble  in  water;  a  proteid  edes- 
tin,  soluble  in  salt  solution;  proteids  representing  globulin,  albumins, 
and  proteose,  soluble  in  dilute  salt  solution.  Of  the  total  proteid  mat- 
ter in  rye,  it  is  found  that  71.07  per  cent  are  soluble  in  a  5  per  cent 
common  salt  solution,  followed  by  alcohol.  An  attempt  was  made  to 
extract  the  proteids  remaining  in  the  flour,  after  exhaustion,  with  dilute 
salt  solution  and  with  dilute  alcoholic  potash.  The  gum  present  in 
the  flour,  however,  dissolved  in  the  alkaline  solution  and  rendered  it 
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impossible  to  purify  the  preparations.  Since  tbe  other  proteids  found 
in  rye,  however,  are  similar  to  those  found  in  wheat,  with  the  exception 
of  gluten,  Osborne  concludes  that  the  nonidentified  proteid  is  not 
identical  with  the  glutenin  of  the  wheat. 

The  proteids  of  rye,  in  so  far  as  they  have  been  separated  in  a  pure 
state,  have  the  following  composition : 

Composition  of  proteids  of  rye. 


Constituents. 

Carbon. 

Xitrogen. 

Hydrogen. 

Sulphur.    Oxygen. 

52.97 
52.  75 
51.19 

16.66 
17.72 
18.19 

6.79 
6.84 
6.74 

1.35             22.23 

Gliadiu 

1.21             21.48 

Edestin                     ..                               

23.88 

The  sample  of  rye  flour  on  which  Osborne  worked  contained  only 
1.52  per  cent  of  nitrogen,  while  the  average  of  the  World's  Fair  samples 
contained  1.99  per  cent.  It  is  fair  to  presume  that  in  a  normal  rye 
flour  the  distribution  of  the  various  proteids  is  proportional  to  that 
found  in  the  sample  examined  by  Osborne.  The  relative  proportion 
of  proteids  in  the  sample  examined  by  Osborne  and  in  the  typical 
sample  containing  1.9G  per  cent  of  nitrogen  is  given  below: 

Proportions  of  proteids  in  rye. 


Constituents. 


Osborne  3 
sample. 

Typical 
sample. 

Per  cent. 

Per  cent. 

2.44 

3.14 

4.00 

5.16 

0.43 

0.55 

1.7G 

2.27 

Insoluble  in  salt  solution 

Gliadin,  soluble  in  alcohol 

Leucosiu,  soluble  in  water 

Edestin  and  proteose,  soluble  in  salt  solution 

Total 


63 


11.12 


It  appears  from  the  above  investigations  that  the  protein  of  the  rye 
kernel  contains  an  average  of  17.6  per  cent  of  nitrogen,  and  the  factor 
for  converting  the  nitrogen  of  rye  into  protein  is  5.68  instead  of  6.'25. 
Judged  by  this  standard,  a  typical  American  rye,  instead  of  having 
12.25  per  cent  of  protein,  would  have  only  about  11.15  per  cent,  and 
the  percentage  of  carbohydrates  would  be  raised  from  71.75  to  72.85. 


WHEAT. 

Wheat  is  the  typical  bread-making  cereal.  It  differs  essentially  from 
the  other  cereals  in  the  character  of  its  proteid  content.  The  proteids 
of  wheat  are  composed  chiefly  of  two  bodies,  gliadin  and  glutenin, 
whicli  together  form  the  body,  gluten,  which  gives  its  characteristic 
properties  to  wheat  flour.  ]More  detailed  information  concerning  these 
bodies  is  Ibuud  under  the  section  devoted  to  wheat  proteids. 
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The  products  of  wheat  are  used  as  human  foods  in  many  forms. 
There  are  nearly  a  hundred  different  grades  of  food  materials  made 
from  wheat  by  the  patent-roller  process  of  milling. 

Next  to  maize,  wheat  is  the  most  important  of  the  cereal  products  of 
this  country.  It  is  grown  in  every  x^art  of  the  Union,  but  only  to  per- 
fection in  the  more  northern  states.  When  sown  in  the  autumn,  it  is 
called  winter  wheat 5  sown  in  the  spring,  it  is  spring  wheat.  The  ker- 
nels of  winter  wheat  are,  as  a  rule,  larger  and  softer  than  those  of  the 
spring  variety.  Spring  wheat,  as  a  rule,  contains  more  gluten  than 
the  winter  varieties. 

The  mean  composition  of  wheat,  domestic  and  foreign,  is  shown  in 
the  following  table.  Under  domestic,  Canada  and  foreign  are  given  the 
composition  of  the  samples  collected  at  the  World's  Columbian  Exposi- 
tion in  1893 : 

liable  of  maxima,  minima,  and  means  of  constituents  of  wheat. 


Kinds  and  numbers  of  samples 


Weight 

of  100 

kernels, 


Moist- 
ure. 


Pro- 
teids. 

Ether 

ex- 
tract. 

Crude 
•fiber. 

Per  ct. 

Per  ct. 

Per  ct. 

ell.  15 

d2.50 

dd.72 

/8.58 

/0.28 

61.70 

12.23 

1.77 

2.36 

16.10 

2.32 

3.12 

8.23 

0.41 

1.75 

12.  25 

1.80 

2.26 

il4.52 

i  2.  26 

t2.89 

ft  8.  58 

ft  0.73 

ft  1.87 

12  08 

1.78 

2.28 

12.23 

1.77 

2.36 

12.25 

1.80 

2.26 

12.08 

1.78 

2.28 

12.20 

1.74 

2.35 

10.53 

12.15 

12.54 

2.29 

1.64 

12.50 

2.20 

1.80 

11.80 

2.10 

1.80 

12.51 

1.70 

2.56 

Ash. 


Carbo- 

by- 
drates, 
exclud 

ing 
fiber. 


Wet 
gluten. 


Dry 
gluten. 


Domestic : 

Maxima 

Minima 

Means 

Canada : 

Maxima 

Minima 

Means 

Foreign : 

Maxima 

Minima 

Means 

Means  of  World's  Fair  sam- 
ples: 

Domestic  samples  (165) 

Canadian  samples  (62) 

All  foreign  samples  (62) 

All  samples  (227) 

Means  of  previous  analyses  by 
the  Department : 

Domestic  (147) 

United  States  and  British 

America  (407) 

Colorado  (155) , 

Means  given  by  .Jenkins  and 
Winton : 

Spring  (13) 

Winter  (262) , 

Means  given  by  Konig: 

Samples  of  miscellaneous 

origin  (428) , 

a  Wyoming. 
b  Kansas. 


Grams.  Per  ct, 
a  6. 190   W4.53 


e  2. 125 
3.866 

5.335 
3.242 
4.054 

ft  5.  723 

i  2.  250 
4.076 


3.866 
4.054 
4.076 
3.940 


67.11 
10.62 

13.98 
9.38 
11.69 

ft  12.97 

i8.52 
11.47 


10.62 
11.69 

11.47 
10.85 


3.653 


3.644 
4.235 


10.16 
7.54 


10.40 
10.50 


Per  ct. 

a  2.  35 

/I.  40 

1.82 

2.00 
1.38 
1.69 

i2.04 

k  1.  67 

1.73 


1.82 
1.69 
1.73 

1.81 


2.06 


1.92 
1.82 


c  Nebraska. 


d  Pennsylvania. 
e  Illinois. 
/Oregon. 


g  Iowa. 

ft  Australia. 

i  Argentine  Eepublic. 


Per  ct. 

c  76.  05 

^66.67 

71.18 

75.36 
65.92 
70.31 

ft  76. 14 

i  67.  01 
70.66 


71.24 
70.31 
70.66 
71.09 


Per  ct. 

c  39.  05 

/12.33 

26.46 

38.94 

6.38 

25.13 

j  32.  57 

ft  18. 72 

25.36 


26.46 
25.13 
25.36 

26.28 


74.17 


71.20 
72.00 


33.80 


18.01 
j  Spain. 
k  Bulgaria. 


Per  ct. 
C14.65 

/4.70 
10.31 

15.24 
2.29 
9.76 

j  12.  33 

ft  7.  00 
9.82 


10.31 
9.76 
9.82 

10.22 


11.07 
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Table  of  maxima,  unuima,  and  ineaus  of  conHlitnevis  of  wheat — Continued. 

Carlto- 
hv- 


Kinds  and  uumber.s  of  samples. 


Ether 
ure.    1  teids.    +Jf,^\      tiber.     -^■"'-    exclud 


Moist-    Pro-  Crude      »^,       drat€ 


iiig 
fiber. 


!„     .1.     .1 


Means  given  by  Konig— Continued.                                          Perot.  Perct.Perct.   Per  ct.  Per  ct.\  Per  ct. 

Samples  from  northeast  and  middle  Germany  (90) 14.  01  10.  93  1.  65  2. 12  1. 92  j  70.  01 

Samples  spring  wheat  (81) 14.75  11.23  2.03  2.26  2.5-2'  68.61 

Samples  from  south  and  west  Germany  (52) j  13. 18  ,  12.  29  1.71  2.  82  1.  85  07.  96 

Samples -spring  wheat  (30  J 'l3.80  14.95  1.50    2.19  07.93 

Samples  from  Au.stria-Hungary(  18) 11.72  12.60  1.99  330  1.75  06.84 

Samples  from  Eussia— spring  wheat  (39) 12.05  17.65  1.58    1.06  05.74 

England  (22; 13.41  lu.  99  1.80  2.90;     1.67  69.21 

Scotland  (16; ,11.37,10.58  1.73    1.55  72.77 

France  (70) !  15.20;  12.64  1.41  2.00  1.66  1  68.92 

Denmark  (4) 13.  95  9.  36  2.  34  2. 19  1. 34  71. 40 

Spain  (9) 13.37  12.45  l.f'2    1.80    

Africa  (34) 11.80  11.18  1.83  1.82  1.76  ^  70.04 

Asia(8) 12.57  11.09  2.10  1.94  1.46  1  70.84 


1.73 

1.41 

2.34 

l.f'2 

1.83 

2.10 

1.39 

2.07 

2.15 

Australia  (4) 13,37     10.10       1.39    1 

North  America  (504) 9.92      11.60       2.07       1.70       1.79'      69.47 

Xorth  America,  spring  (40) 9.36     12.92       2.15       1.72       1.86'      07.98 

lu  the  means  taken  from  Konig,  as  given  above,  the  amount  of 
moisture  as  found  is  given.  The  means  of  the  other  constituents, 
however,  in  order  to  secure  a  proper  comparison,  are  calculated  on 
the  supposition  that  the  mean  content  of  moisture  is  the  same  as  that 
in  the  chief  or  miscellaneous  table,  namely,  13.37  per  cent. 

In  the  discussion  of  the  comi^arative  results,  it  will  be  noticed  first, 
as  with  other  cereals,  that  the  content  of  moisture  in  the  domestic 
samples  is  low,  being  about  1  per  cent  less  than  in  the  Canadian  sam- 
l)les,  and  eight-tenths  of  1  per  cent  less  than  in  all  the  foreign  samples. 
This  remarkable  dryness  of  cereal  products  appears,  therefore,  to  be  a 
characteristic  of  those  grown  in  the  United  States,  although  the  differ- 
ence is  not  so  marked  in  the  case  of  wheat  as  it  is  in  some  other  cereals. 
In  general,  the  size  of  the  grains  of  the  domestic  samples  is  less  than 
that  of  the  Canadian  and  foreign  wheats,  but  in  the  World's  Fair  sam- 
ples, as  might  be  expected,  the  kernels  were  a  little  larger  than  those 
examined  in  previous  work  of  the  Department. 

CoMPARi.<ox  OF  American  and  Foreign  Wheat. 

In  respect  of  proteids,  the  American  wheats,  as  a  rule,  arc  quite 
equal  to  those  of  foreign  origin.  This  is  an  important  characteristic 
when  it  is  remembered  that  both  the  milling  and  food  values  of  a  wheat 
depend  largely  on  the  nitrogenous  matter  which  is  present.  It  must 
not  be  forgotten,  however,  that  merely  a  high  i)ercentage  of  proteids  is 
not  always  a  sure  indication  of  the  milling  value  of  a  wheat.  The 
ratio  of  gluten  to  the  other  proteid  constituents  of  a  wheat  is  not 
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always  constant,  and  it  is  the  gluten  content  of  a  flour  on  whicli  its 
bread-making  qualities  chiefly  depend.  The  percentage  of  moist  gluten 
gives,  in  a  rough  way,  the  property  of  the  ghitinous  matter  of  absorb- 
ing and  holding  water  under  conditions  as  nearly  constant  as  can  be 
obtained.  In  general,  it  may  be  said  that  the  ratio  between  the  moist 
gluten  and  the  dry  gluten  in  a  given  sample  is  an  index  for  comparison 
with  other  substances  in  the  same  samx)le.  Upon  the  whole,  however, 
the  percentage  of  dry  gluten  must  be  regarded  as  the  safer  index  of 
quality.  In  respect  to  the  content  of  glutinous  matter,  our  domestic 
wheats  are  distinctly  superior  to  those  of  foreign  origin.  They  are 
even  better  than  the  Canadian  wheats  in  this  respect.  It  may  be 
fairly  inferred  that  while  our  domestic  wheats  give  a  flour  slightly 
inferior  in  nutritive  properties  to  that  derived  from  foreign  samples,  it 
is  nevertheless  better  adapted  for  baking  purposes,  and  this  quality 
more  than  compensates  for  its  slight  deficiency  in  respect  of  nutrition, 
a  deficiency,  indeed,  which  is  so  small  as  to  be  hardly  worth  consid- 
ering. 

Variation  of  Wheat  with  Climate  and  Soil. 

In  this  connection,  attention  should  be  called  to  the  great  influence 
of  climate  upon  the  quality  of  wheat.  The  best  wheats  grown  in  the 
United  States  are  produced  in  the  central  northern  x)art  of  the  country, 
while  the  poorest  are  grown  in  the  Southern  States.  The  influence  of 
climate  and  soil  upon  the  quality  of  wheat  has  been  fully  pointed  out 
b}^  Richardson  in  Bulletins  Kos.  1,  3,  and  9  of  the  Chemical  Division  of 
the  Department  of  Agriculture.  The  following  quotation  from  page  25, 
Bulletin  ^o.  9,  will  illustrate  the  above  statement: 

From  observations  in  this  and  previous  reports,  it  may  be  said  that  of  all  grain 
wheat  is  probably  the  most  susceptible  to  its  environment. 

Oats  in  certain  directions  are  more  variable,  but  in  their  general  character  are 
more  permanent,  as  will  appear  in  subsequent  pages.  The  inherent  tendency  to 
change  Avhich  is  found  in  all  grains  is  most  prominent  in  wheat.  It  may  be  fostered 
by  selection  and  by  modifying  such  of  the  conditions  of  environment  as  it  is  in  the 
power  of  man  to  affect. 

The  most  powerful  element  to  contend  with  is  the  character  of  the  season  or 
unfavorable  climatic  conditions.  The  injury  done  in  this  way  is  well  illustrated  in 
Colorado,  and  it  would  seem  advisable  in  such  cases  to  seek  seed  from  a  source 
where  everything  has  been  favorable,  and  begin  selection  again. 

It  must  be  borne  in  mind  that  selection  must  be  kej)t  up  continuously,  and  that 
reversion  takes  place  more  easily  than  improvement.  It  took  but  one  season  to 
seriously  injure  Professor  Blount's  wheats,  but  it  will  be  two  or  more  years  before 
they  have  recovered  from  that  injury.  Hallett,  in  England,  was  able  to  make  his 
celebrated  j)edigree  wheat  by  selection,  carried  on  through  many  years,  but  the  same 
wheat  grown  by  the  ordinary  farmer  under  unfavorable  conditions  for  a  few  years 
without  care  has  reverted  to  an  ordinary  sort  of  grain. 

The  effect  of  climate  is  well  illustrated  by  four  specimens  of  wheat  which  are  to  be 
seen  in  the  collection  of  the  Chemical  Division.  Two  of  these  were  from  Oregon  and 
Dakota  some  years  ago,  and  present  the  most  extreme  contrast  which  can  be  found 
in  this  variable  grain.  One  is  light  yellow,  plump,  and  starchy,  and  shows  on  analy- 
sis a  very  small  per  cent  of  albuminoids;  the  other  is  one  of  the  small,  hard,  and 
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(lark-colored  spring  wheats  of  Dakota,  which  are  rich  in  alliumiiioids.  Between 
these  stand  two  specimens  from  Colorado^  which  have  been  raised  from  seed  similar 
to  the  Oregon  and  Dakota  wheat.  They  are  scarcely  distinguishable  except  by  a 
slight  difterence  in  color.  The  Colorado  climate  is  such  as  to  have  modified  these 
two  seed  wheats,  until  after  a  few  years'  growth  they  are  hardly  distinguishable  in 
the  kernel. 

All  localities  having  widely  different  climates,  soils,  or  other  conditions  i)roduce 
their  peculiar  varieties  and  modify  those  brought  to  them. 

The  result  of  these  tendencies  to  change  and  reversion  from  lack  of  care  in  seed 
selection  or  other  cause  has  led  to  the  practice  of  change  of  seed  among  farmers.  A 
source  is  sought  where  either  through  greater  care  or  more  favorable  conditions  the 
variety  desired  has  been  able  to  hold  its  own.  Sometimes  this  change  is  rendered 
necessary  by  conditions  which  are  beyond  the  power  of  man  to  modify.  As  an 
example,  No.  10  of  Professor  Blount's  wheats,  known  as  '•  Oregon  Club,""  a  white 
variety  from  Oregon,  has  been  deteriorating  every  year  since  it  has  been  grown  in 
Colorado,  whereas  if  the  seed  had  been  sujjplied  every  season  directly  from  Oregon 
the  quality  would  have  probably  remained  the  same.  In  extension  of  this  illustra- 
tion tlie  fact  may  be  mentioned  that  the  annual  renewal  of  the  seed  from  a  desirable 
and  favorable  source  often  makes  it  possible  to  raise  cereals  where  otherwise  climatic 
conditions  would  render  their  cultivation  impossible  through  rapid  reversion.  This 
is  particularly  the  case  with  extremes  in  latitude,  the  effect  of  which  is  not  founded 
so  much  upon  the  composition  of  the  crop  as  on  the  yield  and  size  of  the  grain.  In 
the  South,  the  warmer  climate,  together  of  course  with  poorer  soil  and  cultivation 
in  many  instances,  reduces  the  yield. 

A  typical  American  wlieat  of  the  best  quality  should  have  approxi- 
mately the  following  composition: 


Weight  of  100  kernels grams . .  3.  85 

Moisture per  cent..  10.  60 

Proteids do 12.25 

Ether  extract do 1.  75 

Crude  fiber do 2.  40 


Ash per  cent . .     1.  75 

Carbohydrates   other    than    crude 

fiber per  cent . .   71.  25 

Dry  gluten do 10.  25 

Moist  gluten do 26.  50 


To  bring  iuto  a  comparative  view  the  means  of  the  data  obtaiued  for 
American  cereals  exhibited  at  the  World's  Columbian  Exposition,  the 
following  general  table  is  given  containing  the  data  above  mentioned, 
with  the  exception  of  those  relating  to  rice,  together  with  the  approxi- 
mate typical  composition  taken  from  the  preceding  images: 

Mean  data  calculated  from   the  analyses  of  samples  exhilnted  at  the  World's  Columbian 

Exposition. 


Constituents. 


Barley. 


Buck- 
wheat. 


Maize. 


"Weight  of  100  kernels grams . . 

Moisture per  cent.. 

Proteids do 

Ether  extract do 

Crude  fiber do 

Ash do 

Carbohydrates   other  than   crude  fiber 
per  cent 


4.19 
10.80 
10.69 
2.13 
4.05 
2.44 


3.12 
12.15 
10.75 

2.11 
10.75 

1.89 

62.33 


38.98 
10.93 
9.88 
4.17 
1.71 
1.36 


Oats. 


2.92 
10.  OG 
12.15 

4.33 
12.07 

3.46 

58.75 


Rye.       Wheat. 


2.49 
10. 62 
12.43 
1.65 
2.  09 
1.92 

71.37 


3.87 
10.62 
12.23 
1.77 
2.36 
1.82 


n.  18 
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Approximate  typical  composition  of  domestic  samples  talcen  from  the  data  given  in  the 

preceding  pages. 


Constituents. 


Barley. 


Buck- 
wheat. 


Maize. 


Kye. 


Wheat. 


Weight  of  100  kernels grams. . 

Moisture per  cent.. 

Proteids do 

Ether  extract do 

Crude  fiber do 

Ash do 

Carbohydrates   other   than  crude  fiber 
per  cent 


4.00 
10.85 
11.00 
2.25 
3.85 
2.50 

69.45 


3.00 
12.00 
10.75 

2.00 
10.75 

1.75 

62.75 


38.00 
10.75 
10.00 
4.25 
1.75 
1.50 

71.75 


3.00 
10.00 
12.00 

4.50 
12.00 

3.50 

58.00 


2.^50 
10.*50 
12.25 
1.50 
2.10 
1.90 


3.85 
10.60 
12.25 
1.75 
2.40 
1.75 


Proteids  of  the  Whe.-^t  Kernel. 

Osborne  and  Yoorliees  have  lately  made  a  study  of  the  proteids  of 
the  wheat  kernel,  and  found  it  necessary  to  revise  to  a  certain  extent 
the  data  previously  existing  on  this  subject.  (American  Chemical  Jour- 
nal, volume  15,  pages  392  and  following.) 

It  is  found  that  the  proteids  of  the  wheat  kernel  are  best  classified 
as  follows : 

(1)  A  globulin,  soluble  in  saline  solutions,  and  not  coagulable  at  tem- 
peratures below  100°  0. 

(2)  An  albumin,  which  is  coagulated  at  52°  C,  and  differs  from  ani- 
mal albumin  in  several  important  particulars. 

(3)  A  proteose,  which  is  extracted  from  the  wheat  kernel  by  dilute 
saline  solutions  after  removing  the  globulin  by  dialysis  and  the  albu- 
min by  coagulation.  It  is  i^robably  derived  from  other  proteid  matters 
present  in  the  seed  by  the  action  of  the  reagents  emj^loyed  for  isolat- 
ing it. 

(4)  A  proteid,  gliadin,  soluble  in  dilute  alcohol,  and  forming  nearly 
half  of  the  whole  proteid  matter  of  a  kernel. 

(5)  A  proteid,  glutenin,  which  is  insoluble  in  water,  dilute  saline  solu- 
tions, and  dilute  alcohol,  and  forming  with  gliadin  nearly  the  whole 
proteid  content  of  the  wheat  kernel.  The  gluten  of  the  wheat,  which 
is  one  of  its  most  important  constituents,  is  composed  of  gliadin  and 
glutenin  in  almost  equal  proportions.  The  gliadin  forms  the  sticky 
substance  of  the  gluten,  while  the  glutenin  imparts  to  it  its  solidity. 
Gluten  can  not  well  be  formed  from  its  constituents  by  the  action  of 
pure  water,  as  gliadin,  one  of  the  chief  constituents  of  gluten,  is  quite 
soluble  in  pure  water,  and  thus  is  easily  removed.  The  presence  of  the 
mineral  salts  of  the  wheat,  however,  is  sufficient  to  form  with  distilled 
water  a  medium  in  which  the  gluten  is  scarcely  soluble,  and  in  this 
medium  the  two  unite  to  form  the  gluten,  which  is  so  important  a  con- 
stituent in  the  formation  of  bread.  It  is  probable,  according  to  Osborne 
and  Yoorhees,  that  no  fermentative  action  occurs  in  the  formation  of 
gluten,  but  it  is  produced  by  the  simple,  mechanical,  and  chemical 
action  mentioned  above. 
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In  a  wholewheat  flour  coutainiug'  10  per  cent  of  protein,  tlie  rehitive 
quantities  of  the  chief  kinds  of  i^roteids  mentioned  above  are  about  as 
follows: 

Per  cent. 

Globulin 0.70 

Albumin 0.  40 

Proteose 0.30 

Gliadin 4.  25 

Glutenin 4. 35 

10.00 

The  composition  of  the  wheat  proteids  is  given  in  the  following  table: 

Co)npo>ixtion  of  wheat  proteid".. 


Constituents. 


Carbon.  .Hydrogen.  Nitrogen.,  Sulphur.    Oxygen. 


Percent.,  Percent.      Per  cent.    Per  cent.    Percent. 


Globulin !  51. 03  j 

Albumin j  53.02  j 

Proteose I  51. 86 

Gliadin '  52.72  | 

Gluteniu I  '     52.34  I 

1  1 


6.84 
6.82 


3.83 


18.39 

0.G9 

23.04 

16.80 

1.28 

22.06 

17.  32 

2-1.  00 

17.66 

1.14 

21.62 

17.49 

1.08 

22.  26 

The  average  content  of  nitrogen  in  the  proteid  matter  of  wheat  is 
about  17.6  per  cent,  and  the  proper  fiictor,  therefore,  for  computing  the 
total  proteid  matter  from  the  percentage  of  nitrogen  found  is  d,(S^ 
instead  of  6.25,  the  one  usually  employed.  To  convert  data  obtained 
by  the  factor  6.25  to  the  corresponding  data  for  the  factor  d.Q^  it  is 
sufficient  to  multiply  by  0.9. 

In  the  data  for  wheat  flours,  which  are  given  further  on,  the  compu- 
tation is  made  for  the  factor  5.70,  and  in  this  case  the  data  for  the 
factor  6.25  are  multiplied  by  0.912  for  the  proper  conversion. 

Sepakatiox  of  the  Constituexts  of  Gluten. 

Fleurent  makes  use  of  the  following  process  for  separating  the  con- 
stituents of  gluten  after  it  has  been  formed  by  kneading  the  flour  with 
cold  water,  which  also  washes  out  the  starch  and  fragments  of  debris: 

According  to  the  theory  of  Osborne  and  Voorhees,  the  gluten  is 
formed  during  this  process  from  its  elements,  glutenin  and  gliadin,  pre- 
existing in  the  flour.  The  gluten  obtained  by  the  usual  method  of 
kneading  with  water  is  divided  into  fragments  of  the  size  of  a  pea  and 
placed  in  flasks  having  ground  glass  stoppers,  where  it  is  mixed  with 
potash  lye  containing  3  grams  of  potash  i)er  liter,  a  liter  of  the  solution 
being  used  for  each  200  grams  of  the  moist  gluten.  Some  glass  beads 
are  also  added  to  facilitate  the  disaggregation  of  the  mass.  Tlie  flask 
thus  charged  is  placed  upon  a  shaking  table  and  shaken  continuously 
for  some  time,  or  it  may  be  shaken  by  hand  until  the  fragments  of 
glnten  are  completely  disaggregated.  When  the  fragments  of  gluten 
are  reduced  to  a  homogeneous  condition  alcohol  is  added  to  the  flask 
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in  sufficient  quantity  to  make  a  total  of  70  per  cent  of  alcohol  in  tlie 
solution.  The  alcoliol  is  left  in  contact  with  the  contents  of  the  flask 
for  a  few  hours,  and,  with  occasional  shaking,  at  the  end  of  this  time 
the  mixture  is  exactly  saturated  with  dilute  sulphuric  acid.  A  pre- 
cipitate of  glutenin  is  produced,  which  subsides  rapidly,  carrying  with 
it  any  suspended  matter  which  the  liquid  may  have  contained.  The 
precipitate  is  washed  several  times  by  decantation  with  70  per  cent 
alcohol.  The  supernatant  liquors  and  the  washings  are  mixed  and 
preserved.  The  precipitate  is  taken  up  with  a  solution  of  potash  in  70 
per  cent  alcohol,  containing  3  grams  of  potash  per  liter.  The  potash  is 
then  saturated  with  an  excess  of  carbon  dioxid,  and  there  remains  an 
insoluble  product  which  consists  of  gluten-casein  or  glutenin.  After 
this  has  been  separated  by  filtration  the  alcoholic  filtrate  is  neutralized 
with  dilute  sulphuric  acid,  by  which  there  is  obtained  a  precipitate 
which  resembles  the  conglutin  of  the  lupines.  The  conglutin  of  wheat 
forms  from  2  to  8  per  cent  of  the  total  amount  of  gluten  present.  The 
first  alcoholic  liquor  obtained  by  washing  the  first  precipitate  is  evapo- 
rated at  a  low  temperature  to  drive  ofi*  the  alcohol  and  rendered  slightly 
acid  by  dilute  sulphuric  acid,  by  which  an  abundant  precipitate  of 
gluten-fibrin — that  is,  giiadin — is  obtained.  The  respective  proportions 
of  the  two  bodies  in  gluten  are  about  as  follows :  Glutenin,  from  18  to  25 
per  cent  of  the  total  gluten  j  giiadin,  from  60  to  80  per  cent  of  the  total 
gluten.  The  giiadin,  according  to  Fleurent,  is  the  true  agglutinating 
matter,  and  not  the  glutenin,  and  the  reason  the  proteids  of  the  other 
cereals  do  not  form  a  sti(5ky  dough  is  because  the  quantity  of  giiadin  is 
comparatively  small,  ranging  from  8.17  per  cent  of  the  total  amount 
of  proteids  in  barley  to  17.50  per  cent  in  maize.  ^ 

THE  CARBOHYDRATES  OF  THE  CEREALS. 

By  reason  of  the  fact  that  the  principal  carbohydrate  of  cereals  is 
starch,  and  that  the  remaining  carbohydrates,  small  in  quantity,  are 
practically  the  same  in  all,  it  has  been  thought  advisable  to  give  a 
resume  of  our  present  knowledge  of  these  carbohydrates  in  a  separate 
section  rather  than  to  describe  those  belonging  to  each  one  under  its 
own  caption.  By  following  the  plan  just  indicated  a  great  deal  of 
repetition  can  be  avoided. 

INSOLUBLE    CARBOUYDRATES. 

There  are  several  constituents  of  cereals  which  may  be  classified  as 
insoluble  carbohydrates.     These  are  starch,  cellulose,  pentosans,  and 

galactans. 

Starch. 

Cereal  grains  are  com^iosed  largely  of  starch,  the  quantity  ranging 
from  60  to  more  than  80  per  cent  of  the  entire  weight  of  the  dry  hulled 
kernels.    The  starch  is  collected  in  almost  a  pure  state  in  the  inner 

1  Comptes  rendus,  Tol.  123,  p.  327. 
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Fig.  I.    Wheat  Starch  X  350. 
From  Bulletin  I3,  Part  2,  Plate  26. 
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Fig.  3.    Wheat  Starch,  polarized  light  X  r45. 
From  Bulletin  13,  Part  2,  Plate  17. 
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Fig.  I.    Maize  Starch  X  350. 
From  Bulletin  is,  Part  2,  Plate  26. 
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Fig.  3.    Maize  Starch,  polarized  light  X  145. 
From  Bulletin  13,  Part  2,  Plate  17. 
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portion  of  the  grain,  smaller  portions  being  found  in  the  coats,  and 
only  a  trace,  or  none  at  all,  in  the  germs. 

The  starches  of  the  cereals  have  many  common  i^roperties.  They  are, 
as  far  as  can  be  determined,  chemically  identical,  and  are  iDolymers  of 
the  simple  molecule  CeHioOs.  On  account  of  the  great  insolubility 
of  the  starch  grains  it  has  been  found  almost  impracticable  to  determine 
the  actual  molecular  size  of  the  starch  particle.  Determinations  of  the 
molecular  weight  have  given  numbers  greater  than  30,000,  and  it  is 
difficult  to  say,  with  any  degree  of  exactitude,  to  what  extent  the  con- 
densation of  the  simple  carbohydrate  molecule  mentioned  is  carried. 
If  the  molecular  weight  of  starch  be  32,000,  the  starch  molecule  is  pro- 
duced by  the  condensation  of  about  200  of  the  simple  carbohydrate 
molecules  indicated  above.  In  the  absence,  however,  of  any  exact 
information  on  the  subject,  it  is  preferable  to  write  the  symbol  of  starch 

(CeHi.Os),. 

The  starch  of  all  the  cereals  is  detected  by  the  same  qualitative 
chemical  action,  and  j^ields,  upon  hydrolysis,  either  by  means  of  a 
ferment  or  by  an  acid,  the  same  products.  The  starch  kernels  of  dif- 
ferent cereals,  however,  differ  greatly  in  size  and  shape,  in  their  deport- 
ment toward  enzymes,  and  to  a  certain  extent  in  their  deportment 
toward  polarized  light.  A  brief  description,  with  illustrations  of  the 
kernels  of  the  different  cereals,  will  be  useful  here. 

DESCRIPTION   OF    THE    CEREAL   STARCHES. 

The  starches  of  the  cereals  have  been  carefullj^  studied  in  this  divi- 
sion by  Eichardson  and  others,  and  fully  described  in  Bulletin  Xo.  13, 
part  2.  The  following  descriptions,  as  well  as  the  illustrations  accom- 
panying them,  are  taken  chiefly  from  that  source.  As  an  article  of 
human  food,  wheat  starch  should  come  first  on  the  list. 

Wheat  starch. — The  granules  of  wheat  starch  differ  greatly  in  size, 
varying  from  0.05  to  0.01  mm.  in  diameter.  There  seem  to  be,  in  fact, 
two  kinds  of  granules  in  wheat  starch,  both  of  them  shaped  like  cir- 
cular disks,  but  one  class  much  larger  than  the  other,  with  very  few 
of  an  intermediate  size.  The  hilum  of  the  starch  is  almost  invisible, 
and  the  rings  which  characterize  it  are  not  prominent.  The  typical 
forms  of  wheat  granules,  showing  the  two  sizes,  are  seen  in  PI.  XLYII. 

Maize  starch. — The  granules  of  maize  starch  are  of  more  uniform  size 
than  those  of  wheat,  varying  from  0.02  to  0.03  mm.  in  diameter.  Now 
and  then  a  few  are  seen  which  are  much  smaller.  In  general  they 
differ  in  shape  from  the  wheat  granules,  and  some  are  found  to  be  poly- 
hedral, with  rounded  angles.  They  resemble  the  granules  of  rice  starch, 
but  are  larger.  Under  polarized  liglit  tlie^^  appear  as  brilliant  objects, 
but  under  the  microscope,  with  ordinary  illumination,  they  give  only 
the  faintest  sign  of  rings,  but  show  a  well-developed  hilum,  which  is  at 
times  star-shaped,  or  like  an  irregular  cross,  and  at  others  resembles  a 
circular  depression.  The  maize  starch  granule  is  a  type  of  the  angular, 
17498— Xo.  13 3 
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as  tlie  wheat  is  of  the  spherical  or  spheroidal  form.  The  character- 
istic appearance  of  maize  starch  kernels  is  shown  in  PI.  XLVIII. 

Oats  starch. — The  granules  of  oats  starch  tend  to  adhere  together  in 
large  masses,  the  surfaces  of  which  resemble  somewhat  the  base  of 
honeycomb.  These  masses  are  of  very  different  sizes,  ranging  from 
0.12  to  0.02  mm.  in  length.  They  are  easily  broken  up  by  grinding  or 
pressure,  and  therefore  are  not  found  in  great  abundance  in  commer- 
cial meals.  The  single  starch  granules  of  oats  vary  from  0.02  to  0.015 
mm.  in  diameter.  The  granules  do  not  polarize  well,  and  show  neither 
rings  nor  hilum.  Typical  granules  and  aggregates  thereof  are  shown 
in  PI.  XLIX. 

Barley  starch. — The  granules  of  this  starch  are  very  similar  to  those 
of  wheat,  but  do  not  vary  so  much  in  size.  The  small  granules,  how- 
ever, are  even  smaller  than  in  wheat.  Their  average  diameter  is  0.05 
mm.  The  rings  of  the  granules  are  more  distinct  than  in  wheat,  and 
often  very  small  particles  are  found  adhering  to  the  larger  ones  in 
a  characteristic  manner.  The  appearance  of  typical  barley  starch 
granules  is  shown  in  PI.  L. 

Rye  starch. — The  granules  of  rye  starch  are  quite  variable  in  size^ 
some  of  them  not  exceeding  0.02  mm.  in  diameter,  while  the  largest 
may  reach  from  0.06  to  0.07  mm.  in  diameter.  They  have  no  distin- 
guishing characteristics,  save  the  extremes  in  size,  and  in  the  fact  that 
in  some  cases  an  irregular  cross  occupies  the  position  of  the  hilum. 
They  maybe  taken  easily  for  wheat  starch  on  the  one  hand,  and  on  the 
other  some  of  them  very  closely  resemble  rice  starch.     (See  PI.  LI.) 

Rice  starch. — The  granules  of  rice  starch  resemble  those  of  maize 
more  than  any  other  of  the  starches  mentioned,  but  in  general  are 
smaller.  They  are  also  more  irregular  in  shape,  and  the  hilum  is  often 
star-shaped  or  elongated,  while  in  the  granules  of  maize  starch  it  is 
more  of  the  nature  of  a  circular  depression.  In  general,  the  granules 
of  rice  starch  may  be  distinguished  from  those  of  maize  because  of 
their  smaller  size  and  of  their  more  polygonal  form  and  well-defined 
angles.  Often  several  granules  of  rice  starch  are  found  united.  Tyj^ical 
rice  granules  are  shown  in  PI.  LII. 

Buckivheat  starch. — The  granules  of  buckwheat  starch  are  very  char- 
acteristic. They  consist  of  chains  or  groups  of  angular  granules,  with 
a  well-defined  nucleus,  and  without  rings.  The  contour  of  buckwheat 
starch  granules  is  more  angular  than  that  of  any  common  cereal,  audit 
is  this  angular  construction  which  enables  the  observer  to  distinguish 
them  from  other  starches.  The  size  of  the  granules  is  quite  uniform^ 
varying  from  0.01  to  .015  mm  in  diameter.  The  appearance  of  typical 
buckwheat  starch  granules  is  shown  in  PI.  LIII. 

APPEARANCE    OF   STARCH   GRANULES   WITH   POLARIZED   LIGHT. 

Under  polarized  light  starch  granules  usually  appear  with  a  cross,, 
which  is  very  distinct  and  often  characteristic. 
The  starch  granules  for  this  purpose  are  mounted  in  balsam  and  show 
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Fig.  I.  Oat  Starch  X  350. 
From  Bulletin  13,  Part  2.  Plate  26.  t*t^     ^ 
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Fig.  3.    Oat  Starch  X  300. 
From  Tschirch  and  Oesterle. 
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Fig,  I.     Barley  Starch  X  350. 
From  Bulletin  13,  Part  2,  Plate  26. 
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Fig.  3.    Barley  Starch  X  300. 

From  Tschirch  and  Oesterle. 
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Fig.  1.    Rye  Starch  X  350. 
From  Bulletin  13,  Part  2,  Plate  26. 
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Fig.  3  Rye  Starch  X  300. 
From  Tschirch  and  Oesterle. 
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From  Tschirch  and  Oesterle. 
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Fig.  I.     Buckwheat  Starch  X  350. 
From  Bulletin  13,  Part  2,  Plate  26. 
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From   Tschirch    and    Oesterle  s    Anatomischer    Atlas    der    Pharmakoqnosie    und    Nahrungsmittelkunde. 
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few  characteristics  with  ordinary  illuiniDation.  The  nucleus  of  the 
granule  when  viewed  with  polarized  light  is  indicated  by  the  intersec- 
tion of  the  cross.  B}^  interposing  a  selenite  plate  a  beautiful  play  of 
colors  is  secured  on  rotating  the  analyzer.  This  fact  may  be  useful  in 
analysis. 

These  characteristic  appearances  are  shown  in  the  accompanying 
illustrations. 

DEPORTMENT  WITH  SACCHARIFACIEXT  ENZYMES. 

In  a  paper  read  before  the  Russian  Academy  of  Science  in  1S7."j  Len- 
berg  and  Georgiewsky  ^  showed  that  potato  starch  is  mnch  more  readily 
attacked  by  the  enzyme  of  the  saliva  than  are  the  common  cereal 
starches.  This  observation  has  been  confirmed  by  other  observ^ers.^ 
With  diastase  this  difference  is  less  marked  but  still  important.  The 
blue  coloration  which  a  paste  of  potato  starch  gives  with  iodine  disap- 
j)ears  in  a  few  minutes  when  treated  with  saliva,  while  it  may  persist 
for  several  hours  in  the  case  of  wheat  starch.  This  difference  in  deport- 
ment shows  a  great  difference  in  the  resistance  of  the  several  starches 
to  the  action  of  the  ferments.  This  difference  maj^  be  due  to  the  struc- 
nre  of  the  starch  granule  or  to  the  fact  that  the  coloration  produced 
by  iodine  varies  with  the  origin  of  the  starch. 

The  Cellulose  Group. 

Interesting  both  from  a  chemical  and  dietetic  point  of  view  is  that 
class  of  organic  matter  which  constitutes  the  woody  part  of  i)lants,  viz, 
the  cellulose  grouxj.  It  is  included  in  the  ordinary  expression  of  aiia- 
Ij'tical  data  with  that  miscellaneous  collection  of  carbohydrate  bodies 
designated  as  nitrogen-free  extract. 

Various  names  have  been  given  to  the  different  bodies  composing  this 
mixture,  but  these  names  have  but  little  definite  chemical  signification, 
because  of  the  great  difficulty  which  has  been  experienced  in  securing 
a  definite  separation  of  the  several  components.  The  terms  cellulose, 
hemicellulose,  lignin,  and  fiber  have  been  applied  to  these  component 
parts  of  the  woody  substance  of  plants,  and  while  authorities  do  not  in 
all  cases  agree  on  the  use  of  these  terms,  yet  in  general  it  may  be  said 
that  it  is  possible  to  define,  by  means  of  them,  the  principal  parts  of 
woody  matter  with  a  fair  degree  of  satisfaction.  The  term  *- cellulose 
group"  is  used  to  designate  all  that  part  of  plant  substance  free  of 
nitrogen  which  is  composed  of  the  carbohydrate  bodies  exclusive  of 
pentosans,  soluble  carbohydrates,  and  starch. 

The  term  cellulose  is  applied  to  that  part  of  the  cellulose  group  which 
resists  the  action  of  dilute  boiling  acids  and  is  insoluble  in  ammonia 
and  soluble  in  cuprammouium.  In  other  words,  it  is  \)iivv  cellulose, 
corresponding  to  the  formula  CgHi„0.>  Those  portions  of  the  cellulose 
group  which  pass  into  solution  when  boiled  with  dilute  mineral  acids 

1  Berichte,  vol.  9,  p.  76.  -  Stone,  Bui.  34,  O.  E.  S:,  Dept.  of  Agr.,  p.  39. 
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witli  the  formation  of  reducing  sugars  are  characterized  by  the  term 
hemicellulose. 

This  chiss  of  bodies  evidently  comprises  a  large  number  of  individual 
substances^  inasmuch  as  the  sugars  which  are  formed  by  hydrolysis 
with  dilute  boiling  mineral  acids  include  mannosCj  galactose,  arabinose, 
xylose,  and  dextrose.  The  term  hemicellulose  therefore  embraces  at 
least  the  substances  mannaii,  galactan,  araban,  xylan,  and  dextrosan,  if 
this  term  may  be  allowed  to  designate  that  class  of  hemicelluloses 
which  furnishes  dextrose  by  hydrolysis.  The  term  ''wood  gum"  has 
been  applied  by  Hoffmeister^  to  those  carbohydrate  bodies  which  are 
extracted  by  5  per  cent  sodium  hydroxid  solution  from  a  fiber  not  pre- 
viously freed  of  incrusting  bodies.  As  will  be  seen  further  on,  if  the 
fiber  be  first  extracted  with  ammonia  to  free  it  from  these  incrusting 
bodies  and  then  the  residue  extracted  with  5  per  cent  sodium  hydroxid 
solution^  the  matters  which  are  abstracted  are  regarded  by  Hoffmeister 
as  belonging  to  the  hemicelluloses.  The  term  cellulose  is  reserved  by 
Hofi'meister  for  the  carbohydrates  which  are  insoluble  in  dilute  acids, 
and  which  are  found  in  the  cell  walls.  He  designates  as  cellulose  gum 
the  product  Avhich  goes  into  solution  when  the  residue,  after  treating 
the  fiber  with  chlorin  or  other  similar  reagents,  is  submitted  to  the  action 
of  cold  dilute  sodium  hydroxid.^  For  a  more  detailed  explanation  of 
these  carbohydrate  bodies  the  article  by  E.  Schulze  in  the  Landwirth- 
schaftliche  Jahrbiicher  for  1894,  page  13,  may  be  consulted.  It  is  seen 
at  once  that  a  great  number  of  terms  have  been  applied  in  the  designa- 
tion of  these  materials,  and  while  later  investigations  have  shown  a 
certain  restriction  in  the  use  of  these  terms  to  more  definite  groups  of 
bodies,  it  is  not  yet  possible,  on  account  of  the  difficulty  of  complete 
separation,  to  reach  a  system  of  nomenclature  which  is  definite  and 
satisfactory.  For  the  present,  therefore,  we  may  regard  the  cellulose 
group  as  being  composed  essentially  of  the  following  components : 

(1)  Carbohydrate  bodies  yielding  sugars  on  hydrolysis  with  dilute 
acids  (preferable  term,  hemicellulose);  chief  members  of  the  group, 
araban  and  xylan;  less  important  members,  mannan,  galactan,  dextran. 

(2)  Carbohydrate  bodies  insoluble  in  boiling  dilute  mineral  acids  and 
dilute  alkalies  and  ammonia,  and  soluble  in  cuprammoniura  (preferable 
term,  cellulose);  varieties  of  cellulose  not  well  known. 

(3)  Carbohydrate  bodies  insoluble  in  boiling  dilute  mineral  acids  and 
dilute  alkalies  and  in  cuprammonium,  but  soluble  with  more  or  less 
difficulty  in  ammonia  (preferable  name,  lignin),  composed  of  humus- 
like bodies,  soluble  in  dilute  ammonia  and  cellulose  like  bodies,  the 
whole  capable  of  being  almost  completely  decomposed  by  successive 
treatments  with  ammonia  and  cuprammonium,  the  residue  after  such 
repeated  treatment  containing  chiefly  mineral  matters  with  some 
organic  matter,  the  nature  of  which  is  not  well  known. 

'  Landwirthschaftliclieu  Versuclisstationen,  vol.  39,  p.  462. 
2  Landwirthscliafthche  Jahrbiicher,  1894,  p.  15. 
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The  above  is  a  condensed  synopsis  of  our  present  knowledge  concern- 
ing the  chief  classes  of  the  carbohydrate  matters  composing  the  cellu- 
lose group  or  the  woody  fiber  of  plant  substances. 

QUANTITATIVE    SEPARATION    OF    CELLULOSES. 

Hofifnieister^  agrees  with  Tollens  in  applying  the  term  hemicelluloses 
to  that  class  of  Insoluble  carbohydrate  bodies,  other  than  the  starches, 
dissolved  by  boiling  dilute  acids,  and  also  includes  bodies  soluble  iu 
sodium  hydroxid.  The  term,  therefore,  includes  not  only  the  ijeiito- 
sans,  which  are  the  more  soluble  in  soda  lye,  but  also  to  a  certain  ex teut 
some  of  the  true  celluloses — hexosans.  He  reviews  the  common  meth- 
ods of  separation,  and  especially  the  chlorination  method  of  Cross  and 
Bevan,  and  finds  that  all  the  known  methods  fail  to  separate  definitely 
the  cellulose  bodies  into  groups  of  like  kind;  as,  for  instance,  the  pen- 
tosans separated  by  any  of  the  methods  are  always  found  to  contain 
some  hexosans,  and  the  residual  celluloses  are  never  obtained  quite  free 
from  pentosans  and  lignin.  The  conventional  method  of  determining 
crude  fiber  in  food  analysis  can  not  be  practically  replaced  by  any  of 
the  methods  for  quantitative  separation  of  the  celluloses,  except  at  a 
loss  of  time  in  analysis,  which  is  scarcely  worth  while.  Hoffmeister 
proposes  a  method  of  separation  which  evidently  is  open  to  the  same 
objections  as  those  urged  against  theother  methods,  but  which  at  least, 
with  the  exception  of  extraction  with  ammonia,  can  be  carried  out 
without  any  great  loss  of  time.  The  material  which  is  to  be  freed  from 
starch,  if  any  be  contained  therein,  by  the  action  of  malt  extract,  is 
ground,  after  drying  and  extraction  with  ether,  to  the  very  finest  i)ossible 
powder.  Weighed  quantities  of  this  powder  are  treated  as  follows: 
The  material  is  extracted  by  repeated  treatment  with  hydrochloric  acid 
or  with  ammonia.  After  thoroughl}^  mixing  and  shaking,  the  material  is 
allowed  to  stand  until  the  solid  matters  have  subsided  and  the  super- 
natant liquor  is  removed  by  x)Ouring  or  siphoning.  After  this  treatment 
has  been  continued  for  several  hours  the  residue  is  at  once,  without 
drying,  treated  at  room  temperature  with  a  5  or  6  per  cent  sodium 
hydroxid  solution.  This  is  allowed  to  stand  for  two  days,  with  fre- 
quent shaking.  At  the  end  of  this  time,  after  all  the  solid  matter  is. 
deposited,  the  supernatant  solvent  is  removed  as  above.  The  residue 
is  brought  upon  the  filter  and  washed  with  hot  water.  The  extract  in 
sodium  hydroxid  is  neutralized  with  hydrochloric  acid,  treated  with 
a  sufficient  quantity  of  alcohol,  and  the  precipitate  collected  upon  a 
filter. 

Great  difficulties  of  filtration  may  be  encountered,  wiiich  may  be 
lessened  to  some  extent  by  increasing  the  quantity  of  alcohol.  The 
material  extracted  by  sodium  hydroxid  and  precipitated  by  alcohol 
after  thorough  washing  with  alcohol  is  dried  and  weighed,  and  esti- 
mated as  hemicelhilose.    The  residue  left  after  extraction  with  sodium 


Landw.  Versucbs-ISta.,  Vol.  XLVIII,  p.  401.     Abstract. 
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hydroxid  is  treated  with  cuprammouium  ( Schweitzer's  reagent)  until  no 
more  of  it  passes  into  solution.  The  material  dissolved  is  precipitated 
with  alcohol,  washed,  dried,  and  weighed,  and  regarded  as  cellulose. 
The  residue  is  washed,  dried,  and  weighed  as  lignin.  The  several 
precipitates  in  this  process  are  not  tested  for  protein,  and  it  is  probable 
that  a  considerable  quantity  of  protein  will  be  found  in  them.  The 
final  residue,  called  lignin,  is  still  a  compound  body.  If  it  be  treated 
in  a  continuous  extraction  ai3paratus  for  several  days  with  ammonia 
all  superficial  lignin  (incrusting  substance)  goes  into  solution,  coloring 
the  ammonia  brown.  The  residue,  treated  with  cuprammouium,  yields 
a  pure  cellulose.  In  the  remainder  lignin  or  incrusting  substance  can 
again  be  detected,  showing  the  intimate  manner  in  which  the  lignin 
and  cellulose  are  associated. 

The  exhaustion  of  the  incrusting  substance  with  ammonia  requires 
days,  sometimes  weeks  and  months,  and  therefore  the  process  has  little 
practical  value.  A  special  form  of  apparatus  is  used,  which,  with  the 
aid  of  folded  strips  of  filter  paper,  admits  the  dilute  ammonia  to  all 
l^arts  of  the  finely  ground  mass. 

The  material  dissolved  in  ammonia  is  recovered  by  evaporating  the 
solvent. 

Cuprammouium  dissolves  not  only  the  cellulose,  but  also  the  pento- 
sans. This  is  shown  in  a  very  striking  manner  by  treating  the  residue 
after  extraction  with  ammonia  with  cuprammonium.  The  soluble  mat- 
ter thus  obtained  contains  varying  quantities  of  pentosans,  according 
to  the  nature  of  the  substance.  The  material  extracted  by  ammonia 
from  woody  substances,  as  has  already  been  remarked,  imparts  to  the 
ammonia  a  dark  color.  On  evaporation  on  the  water  bath  a  vanilla- 
like odor  is  also  distinguished.  The  dry  residue,  after  evaporation  of 
the  ammonia,  is  insoluble  in  water,  but  is  soluble  in  ammonia,  and  is 
thrown  out  of  solution  by  acids.  This  substance  exhibits  in  a  marked 
degree  the  character  of  humic  acids,  and  doubtless  belongs  to  this 
category. 

Another  body  has  been  separated  from  the  lignin  or  vegetable  fiber; 
it  is  easily  soluble  in  alcohol,  but  has  only  been  obtained  so  far  in  an 
amorphous  condition.  In  the  dry  state  it  is  iu  the  form  of  a  yellow 
powder.  Its  melting  point  lies  between  200°  and  210^,  and  on  elemen- 
tary analysis  it  appears  to  have  the  empirical  formula  C6H7O2.  In 
cereal  grains  the  bodies  described  above  are  found  chiefly  in  the  fibrous 
envelopes  of  the  kernels,  and  on  milling  are  secured  chiefly  in  the  bran. 

Insoluble  Carbohydrates  of  Wheat. 

Sherman^  has  made  an  investigation  of  the  insoluble  carbohydrates 
other  than  starch  contained  in  wheat.  Inasmuch  as  these  insoluble 
carbohydrates  are  practically  all  in  the  bran,  the  investigations  were 
made  upon  this  substance.    The  bran  was  successively  extracted  with 

1  J.  Am.  Chem.  Soc,  vol.  19,  p.  291.     Abstract. 
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Avater,  saline  solutiou,  malt  extract,  2  per  cent  ammonia,  cold,  and  boil- 
ing 0.1  per  cent  sodium  liydroxid.  By  this  treatment,  it  is  stated, 
fatty  and  resinous  matter,  all  the  soluble  carbohydrates,  and  nearly 
all  the  proteid  matter  were  removed.  The  extract  treated  with  sodium 
hydroxid  solutiou  yielded  the  principal  part  of  the  pentosans,  giving 
the  characteristic  red  coloration  with  phloroglucin  in  hydrochloric  acid 
and  affording  furfuraldehyde  when  distilled  with  an  acid. 

The  term  hemicellulose  is  used  by  Sherman  to  designate  the  carbo- 
hydrate matter,  obtained  by  boiling  in  dilute  acids,  from  vegetable  cells 
free  from  starch.  The  hydrolysis  of  the  hemicelluloses  was  effected 
by  boiling  for  thirty  minutes  with  1.25  per  cent  sulphuric  acid,  and  the 
resulting  solution  was  boiled  with  2  per  cent  sulphuric  acid  for  about 
six  hours  until  its  copper-reducing  power  no  longer  increased.  The 
reducing  power  of  the  sugars  obtained  was  found  to  be  91.2  per  cent  of 
of  that  of  pure  dextrose.  The  sulphuric  acid  solution,  after  complete 
hydrolysis,  was  tested  for  mannose  with  phenylhydrazine  acetate;  for 
galactose,  by  evaporation  with  nitrous  acid,  and  for  levulose,  with 
resorcin  in  hydrochloric  acid.  [N'one  of  these  bodies  was  present. 
Pentoses  were  present  in  large  quantities.  The  dextrose  was  distin- 
guished by  the  preparation  of  its  osazone.  The  osazones  of  the  pen- 
toses and  of  dextrose  are  separated  by  boiling  water,  the  pentose 
osazones  being  quite  readily  soluble,  and  the  dextrose  osazones  being 
quite  insoluble  in  this  reagent.  The  result  of  the  experiment  with  the 
osazones  showed  that  no  dextrose,  or  at  least  not  more  than  a  trace, 
was  present.  It  is  concluded  from  this  that  wheat  bran,  after  treatment 
as  above,  yields  only  pentoses  on  hydrolysis  with  sulphuric  acid. 

CHARACTER    OF    THE    RESIDUE. 

The  residue  left  on  hydrolysis  with  sulphuric  acid  was  washed  with 
water  and  alcohol  and  dried.  In  the  dry  state  it  contained  nearly  0.7 
per  cent  of  ash,  nearly  0.3  i^er  cent  of  nitrogen,  and  yielded,  on  distilla- 
tion with  hydrochloric  acid,  nearly  12  x^er  cent  of  furfuraldehyde.  When 
treated  with  chloriu  and  then  boiled  with  sodium  sulphite  it  gave  a 
deei)  magenta  color,  characteristic  of  ligniu.  It  also  gave  the  red  color 
when  treated  with  phloroglucin,  which  is  the  qualitative  test  for  pen- 
tosans. Xo  coloration  was  obtained  on  boiling  with  aniline  sulphate, 
showing  the  absence  of  oxycellulose. 

DEPORTMENT   WITH    FERRIC    CHLORID    AND    POTASSIUM   FERRICYANID. 

Fresh  ac^ueous  solutions  containing  in  100  c.  c.  1.6  grams  of  ferric 
chlorid  and  3.3  grams  of  potassium  ferricyanid,  respectively,  were 
mixed  in  equal  volumes.  The  liber  was  immersed  in  this  solution  for 
some  time;  washed  and  dried  at  105^.  The  immersion  before  washing 
should  be  continued  for  an  hour  at  least,  and  better  for  sixteen  hours. 
In  everj^  case  a  large  increase  in  weight  was  obtained,  showing  that 
the  liber  of  wheat  bran,  like  the  typical  lignocellulose  of  jute,  has  the 
power  of  Hxing  a  considerable  amount  of  cyanid. 
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COMPOUNDS  WITH  CHLORIN. 

This  compound  was  prepared  according  tc  the  method  of  Cross  and 
Bevan  by  boiling  75  grams  of  the  bran  with  1  per  cent  sodium  hydroxid 
solution,  washing,  pressing  to  remove  the  greater  part  of  the  water, 
and  exposing  the  moist  liber  for  one  hour  to  chlorin  gas  free  of  hydro- 
chloric acid.  The  fiber,  during  the  passage  of  the  chlorin,  is  suspended 
in  alcohol.  The  alcoholic  solution  is  removed  by  pressure  and  found 
to  be  of  a  deep  golden  yellow  color.  On  concentrating  and  pouring 
into  water,  a  part  of  the  substance  dissolved  by  the  chlorin  alcohol  is 
separated.  In  all,  about  1  gram  of  this  precipitate  was  obtained,  which 
contained  26.7  per  cent  of  chlorin.  Wheat  bran,  therefore,  contains  to 
some  extent  that  character  of  lignin  compound  peculiar  to  jute  which 
gives  the  above  reaction. 

SEPARATION  OF  THE  CELLULOSE; 

Three  methods  of  separating  cellulose  were  tried: 

(1)  Schulze's  method. — In  this  method  30  grams  of  the  wheat  fiber  are 
treated  at  ordinary  temperature  with  a  solution  of  25  grams  of  potas- 
sium chlorate  in  350  c,  c.  of  nitric  acid  of  1.10  specific  gravity  for  seven 
days,  with  occasional  stirring.  Enough  nitric  acid  is  added  to  increase 
the  strength  to  1.13  specific  gravity,  and  the  digestion  is  continued  for 
another  seven  days.  At  the  end  of  this  time  the  mixture  is  kept  at 
40°  for  two  hours,  filtered,  washed  free  of  acid,  and  treated  on  the  filter 
with  cold  2  per  cent  ammonia  as  long  as  the  filtrate  is  colored.  Finally, 
the  residue  is  washed  with  water  and  alcohol.  Thirty-four  per  cent  of 
the  fiber  was  dissolved  by  this  treatment.  The  residue  still  contained 
7  per  cent  of  furfur  aldehyde. 

(2)  Method  of  Cross  and  Bevan. — Thirty  grams  of  fiber  are  boiled  for 
tljirty  minutes  with  800  c.  c.  of  1  per  cent  sodium  hydroxid,  the  mixture 
poured  on  a  filter,  washed  with  water  until  free  from  alkali,  pressed  as 
free  of  water  as  possible,  placed  loosely  in  a  covered  beaker,  and  exposed 
to  the  action  of  chlorin  gas  for  an  hour,  with  occasional  stirring.  At 
the  end  of  this  time  it  is  thrown  on  a  filter  and  washed  with  water 
until  ail  free  acid  is  removed,  heated  to  boiling  with  600  c.  c.  of  2  x^er 
cent  sodium  sulphite,  and  sufficient  sodium  hydroxid  solution  added 
to  make  0.2  per  cent  of  the  whole.  The  boiling  is  continued  for  five 
minutes  longer,  the  solution  filtered  while  heated,  and  the  residue 
washed  until  the  washings  are  neutral  and  colorless.  The  final  wash- 
ing is  made  with  alcohol  and  the  residue  dried  and  weighed.  This 
treatment  dissolves  33.5  per  cent  of  the  total  fiber. 

(3)  JSohition  in  alkalies. — Lange's  method  of  dissolving  the  cellulose 
in  alkalies  was  emj^loyed,  as  described  in  Principles  and  Practice  of 
Agricultural  Analysis  (vol.  Ill,  p.  104). 

It  is  probable  that  the  insoluble  carbohydrates  of  the  other  cereals 
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are  composed  essentially  of  the  same  bodies.    The  general  composition 
of  the  wheat  bran  as  ascertained  by  Sherman  is  as  follows: 

Per  cent. 

Total  soluble  carbohydrates  calculated  as  dextrin 7,2 

Starch 17.7 

True  pentosans 17.  5 

Lignin  and  allied  substances 11.  6 

Cellulose  (as  defined  above) 8,  5 

Ether  extract,  protein,  and  ash 33. 4 

Undetermined 4.1 

SUMMARY    OF    KESULTS. 

The  chief  results  of  this  investigation  may  be  briefly  stated  as 
follows : 

1.  As  determined  by  the  analysis  of  the  osazones,  only  the  pentoses, 
xylose,  and  arabinose  result  from  the  hydrolysis  of  the  hemicellulose. 
This  is,  therefore,  practically  identical  with  the  free  or  normal  pentosans 
w^hich  the  wheat  contains. 

13.  The  preparation  of  cellulose  from  the  fiber  insoluble  in  dilute 
acid  was  found  to  be  best  effected  by  means  of  alkali  and  chlorin  as 
described  by  Gross  and  Bevan. 

The  dilute  boiling  alkali  removes  matter  which  appears  to  contain  a 
condensed  form  of  pentosan,  since  it  yields  furfurol  on  distillation  and 
gives  a  red  color  with  phloroglucin  reagent,  but  does  not  yield  any 
notable  amount  of  reducing  sugar  on  boiling  with  dilute  sulphuric  acid. 

The  lignin  not  removed  by  dilute  alkali  forms  with  chlorin  an  alcohol- 
soluble  compound  containing  26.7  per  cent  of  chlorin  corresponding 
to  the  '^lignone  chlorid,"  Oi.,Hig01/)r,  of  Cross  and  Bevan. 

3.  The  cellulose  obtained  as  just  mentioned,  or  by  fusion  of  the  fiber 
with  strong  alkali  (Lange's  method),  contains  furfuraldehyde-yielding 
bodies  whose  deportment  toward  reagents  indicates  the  presence  of 
penta-anhydrid,  probably  in  combination  with  a  part  of  the  hexa- 
anhydrid  or  normal  cellulose. 

When  dissolved  in  sulphuric  acid,  diluted,  and  hydrolyzed,  a  small 
quantity  of  dextrose  only  was  obtained  as  osazone. 

4.  The  property  of  dyeing  in  a  solution  of  ferric  chloride  and  i^otas- 
sium  ferricyanid  is  possessed  in  a  marked  degree  by  the  wheat  fiber, 
and  the  reaction  has  been  found  useful  in  testing  the  purity  of  '^cellu- 
lose" residues.  In  this  respect,  as  in  the  formation  of  the  lignone 
chlorid,  the  lignitied  tissue  of  wheat  resembles  that  of  jute,  the  typical 
lignocellulose. 

5.  No  notable  amount  of  oxycellujose  has  been  found  in  any  of  the 
preparations  from  the  wheat  fiber. 
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6.  The  relations  of  the  constituents  under  consideration  may  be  rep- 
resented as  follows : 

b:  OuTerMret?:  \  S^P^-t^d  automatically. 

T)    T  i^nified  tissue   (  Associated  in  position  but  not  chemically  combined. 
Cellulose "| 

lit:  ?eSr/yrdt  I  tS^alir    In  chemical  combination. 
hi).  Lignin J 

Undefined  substances,  apparently  of  a  condensed  nature,  associated  with,  and 
doubtless  allied  to  the  lignin. 

7.  The  determination  of  starch  has  been  carefully  studied  and  the 
methods  now  available  are  quite  satisfactory.  An  approximate  sepa- 
ration of  free  pentosans,  lignin  and  its  allies,  and  cellulose  may  be 
effected  by  means  of  the  method  proposed  in  this  paper. 

8.  Thus  determined,  the  digestibility  of  the  components  in  a  case 
where  wheat  bran  had  been  fed  alone  was  found  to  be :  Starch,  100 
per  cent;  free  pentosans,  66.2  per  cent;  lignin  and  allied  substances, 
36.7  per  cent;  cellulose,  24.8  per  cent. 

9.  From  the  analyses  given  in  this  paper  and  the  best  available  results 
of  other  experimenters,  the  proportions  present  in  normal  mature  wheat, 
air-dried,  are  calculated  as  follows: 

Average  percentages  of  insoluble  carbohydrates  in  air-dried  wheat. 

Per  cent. 

Starch 54.0  to  59.0 

Free  pentosans 3. 5  to    4. 5 

Lignin  and  its  allies 2. 0  to    2.  5 

Cellulose 1.  6  to    2.1 

Insoluble  carbohydrates 61. 1  to  68. 1 

These  data  have  been  confirmed  by  investigations  made  in  this 
division,  with  the  exception  that  the  mean  percentage  of  starch  as 
determined  by  the  latest  methods  is  somewhat  higher  than  given  by 
Sherman. 

Pentosans. — The  occurrence  of  a  body  in  wheat  bran  capable  of 
yielding  a  peculiar  oily  body  caused  Dobereiner  in  1831  to  adopt  the 
name  furfurol  (furfuraldehyde)  for  this  oil.^  Traces  of  this  body  are  also 
obtained,  according  to  the  earlier  writers,  from  sugars  and  starches. 

Emmet  got  furfurol  by  distilling  sugar,  starch,  gum,  and  wood  with 
sulphuric  acid  when  the  temperature  was  not  carried  to  the  carboniz- 
ing i^oint.^ 

Fownes  states  as  the  result  of  his  investigations  that  furfurol  is 
derived  chiefly  from  the  cell  walls  of  vegetable  substances.  ^ 

Fownes  obtained  furfuraldehyde  freely  by  distilling  bran  and  flour 
with  an  acid. 

1  Ann.  Pharm.,  vol.  3,  p.  141. 

2  Silliman's  Journal,  vol.  32,  p.  140. 

3  Gmelin's  Handbuch,  English  translation,  vol.  10,  p.  370. 
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Steinliouse  suggested  tlie  use  of  hydrochloric  acid  for  obtaiuiDg  fur- 
furol  from  Iji  an  by  a  process  entirely  analogous  to  that  now  employed 
in  chemical  analysis.  He  objected  to  the  nse  of  this  acid,  however, 
because  it  was  found  in  the  distillate  with  the  oil.  For  obtaining  large 
quantities  of  furfurol  he  used  16  kilograms  of  bran,  and  5  of  sulphuric 
acid  diluted  with  10  of  water.  - 

Babo  used  zinc  chlorid  as  the  distilling  reagent,  and  thereby  obtained 
furfurol  from  bran.^ 

These  earlier  investigations  of  furfuraldehyde,  however,  did  not  lead 
to  the  isolation  and  characterization  of  the  true  source  of  the  sui^ply. 
The  x)resence  of  a  gum-like  body  in  wheat  germs,  yielding  furfuralde- 
hyde,  was  established  bj^  Eichardson  in  this  division  in  1885-86,  and  a 
X^reparation  of  .several  grams  of  this  material  made  at  that  time  is  .still 
in  our  possession.  Shortly  after  this  the  researches  of  Tollens  and  his 
pupils  and  others  showed  the  quantitative  relation  existing  between 
the  production  of  furfuraldehyde  and  the  pentosan  bodies,  and  laid  the 
foundation  of  the  approximately^  exact  estimation  of  the  latter.  It  then 
became  i^ossible  to  determine,  for  the  first  time,  the  quantity  of  pen- 
to.se  forming  bodies  (araban,  xylan)  in  the  bran  and  other  parts  of  the 
cereal  grains. 

In  this  laboratory  the  percentage  of  x)entosans  in  the  following  ce- 
reals has  been  found  to  be:  Wheat,  5.80  -pev  cent;  rye,  8.10  i^er  cent; 
oats  (unhulled)  13.65  per  cent;  barley  (hulled)  6.50  per  cent.  These 
percentages  are  calculated  on  the  samples  as  ground,  containing  11.33, 
11.71,  9.26,  and  12.20  vev  cent  of  water,  respectively. 

Stone  found  4.51  per  cent  of  pentosans  in  winter  wheat,  3.94  i^er  cent 
in  spring  wheat,  and  4.99  per  cent  in  maize.  ^ 

SOLL'BLE    CARBOHYDRATES. 

In  1817  Proust^  found  5  per  cent  of  sugar  and  4  i^er  cent  of  dextrin 
in  barley,  and  Thom.son  ^  soon  thereafter  reported  4  per  cent  of  sugnr  in 
the  same  substance.  Peligot  ^  rei^orted  7.2  per  cent  of  dextrin  in  barley, 
and  Boussiugault  the  same  quantity  in  wheat.  Sace "  in  1857  reported 
6  x)er  cent  sugar  in  wheat.  De  Saussure  stated  that  wheat  contained 
2.44  x^er  cent  of  sugar  and  3.46  per  cent  of  dextrin.  Mitscherlich  ^  in 
1844  stated  that  the  unsx:)routed  grains  of  cereals  contained  neither 
sugar  nor  dextrin.  Soon  thereafter  ]\Iulder^  stated  that  these  seeds 
contained  dextrin   but   no   sugar.     Hermbstaedt,  Einhof,  and  Stein 

1  Gmelin,  op.  cit.,  p.  371. 

-  Ann.  Pharm.,  voL  85,  p.  100. 

3  Bulletin  34,  O.  E.  S.,  pp.  14, 16. 

■^  Ann.  de  chem.  et  de  phys.,  vol.  .">.  p.  337. 

•''  Op.  cit.  supra,  vol.  6.  216. 

'■  Op.  cit.  supra.  3«  Serie.  vol.  29.  p.  1. 

'  Traite  de  cliim.,  vol.  4,  p.  508. 

sLebrb.  de.  Chem.,  edition  of  1844,  p.  368. 

°  Chim.  des  biere**.  p.  26. 
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gave,^  respectively,  the  following  data  for  sugar  and  dextrin  in  barley: 
Sugar,  4.7  and  5.2  per  cent 5  dextrin,  4.5,  4.6,  and  G.o  \)Qr  cent. 

Lermer  found  no  sugar  in  barley,  but  6.63  per  cent  of  dextrin,  while 
Pillitz  and  others  report  2.71  x)er  cent  of  sugar  and  1.90  per  cent  of 
dextrin  in  barley,  and  1.60  per  cent  of  sugar  and  1.76  per  cent  of  dex- 
trin in  wheat. 

Kiihnemann,  who  tabulated  the  literature  of  the  subject  prior  to 
Lermer's  time,  examined  malt  and  obtained  two  crystallizable  sugars, 
one  of  which  reduced  copper  salts — probably  maltose.  He  concluded, 
however,  that  the  other  substance  he  secured,  which  resembled  dextrin 
in  being  precipitated  by  alcohol,  was  not  a  true  dextrin.  With  the 
isolation  of  pure  sucrose  from  cereals  by  the  last  named  investigator 
the  period  of  exact  investigation  of  the  soluble  carbohydrates  of  these 
bodies  may  be  regarded  to  have  begun. 

Sucrose. 

The  presence  of  this  sugar  in  cereal  kernels  has  long  been  known. 
The  first  recorded  determination  of  soluble  sugars  in  cereals  is  found 
in  an  account  of  some  researches  by  Banister^  in  1880.  Banister  states 
that  the  saccharine  matters  extracted  from  the  grains  of  cereals  behave 
like  cane  sugar,  being  inverted  with  the  same  facility  and  not  until 
then  reducing  a  solution  of  copper  salt.  Banister  found  the  following 
quantities  of  sugar,  which  he  supposed  from  its  deportment  to  be  cane 
sugar,  in  the  cereals  named.  ^ 

Percentage  of  sucrose  in  cereals. 


Per  cent. 

Winter  -wheat 2.  57 

Spring  wheat 2.  24 

Barley 1.34 


Per  cent. 

Maize 1.94 

Rye 4.  30 

Rice 0.  38 


The  occurrence  of  sugars  in  cereals  is  mentioned  in  earlier  articles, 
and  indeed  Kiihnemann^  in  1875  stated  that  he  had  isolated  from  0.6  to 
1  per  cent  of  sucrose  in  germinated  barley. 

In  1883  Eichardson,^  in  this  division,  called  attention  to  the  large 
quantity  of  sugar  in  wheat  germs.  Richardson  found  that  this  sugar 
did  not  reduce  copper  salts  nntil  after  inversion;  that  it  was  strongly 
dextrorotatory,  and  less  so  after  inversion.  These  properties  show 
that  it  was  a  mixture  of  sucrose  and  raffinose,  with  perhaps  a  small 
quantity  of  dextrin  or  maltose. 

'Mulder,  Chini.  des  bieres,  p.  30;  Berzelius,  Lehrb,  d.  Chemie,  1838,  vol.  7,  p.  551; 
Polyteeh.  Contralbl.,  1860,  p.  494. 

-These  data  were  published  in  the  second  part  of  the  South  Kensington  Art 
Handbook  on  the  adulteration  of  foods,  and  are  repeated  in  the  Chemical  News  of 
December  11,  1885. 

■^  Chem.  News,  Dec.  11, 1885,  p.  293. 

4  Berichte,  vol.  8,  p.  202. 

5  Bui.  4,  p.  47. 
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Later,  it  was  found  in  this  laboratory  by  Kichardson  and  Crami)ton^ 
that  this  sugar  contained  about  85  per  cent  of  sucrose,  and  a  fine  prep- 
aration of  a  very  pure  sucrose  was  secured.  The  rest  of  the  sugar  was 
found  to  possess  the  properties  of  raflQnose,  but  this  sugar  was  not  sepa- 
rated in  a  pure  state  at  that  time. 

O'Sullivan-  found  from  0.8  to  l.<i  per  cent  ot  sucrose  m  barley  and 
less  than  0.5  i>er  cent  in  wheat. 

In  malt  he  found  4.7  per  cent  of  sucrose.  He  infers  that  during 
germination  there  is  a  considerable  increase  in  the  quantity  of  the 
sugar. 

Tollens  and  Washburn '^  detected  and  determined  sucrose  in  maize 
and  Schulze  and  Frankfurter-  in  wheat,  rye.  oats,  and  buckwheat. 
Frankfurter^  has  found  17  per  cent  of  sucrose  in  wheat  germs. 

Stone  found  from  0.48  to  0.51  per  cent  of  sucrose  in  wheat,  3.51  per 
cent  in  sweet  maize,  and  from  0.24  to  0.27  per  cent  in  common  maize. 

In  this  laboratory  Krug  has  lately  determined  the  x)ercentage  of 
sucrose  in  a  few  of  the  cereals,  with  the  following  results:  Wheat,  0.33; 
rye,  0.42;  oats,  0.17;  barlej^,  O.IS  per  cent. 

The  data  obtained  by  Stone  and  Krug  are  doubtless  more  nearly 
correct  than  those  given  by  earlier  investigators. 

IxvEiiT  OR  Reducing  Sugars,  DextpwIN,  and  Galactix. 

It  is  doubtful  whether  reducing  sugars  are  present  in  fresh  un  sprouted 
cereal  grains.  Most  observers  have  found  that  fresh  ground  cereal 
grains  give  an  aqueous  extract  which  does  not  reduce  alkaline  copi^er 
solutions,  or  at  most  reduces  them  in  a  very  slight  degree.  In  old 
cereals  or  in  flours  kept  for  some  time  at  room  temjoeratures  the  reduc- 
ing sugars  found  in  the  aqueous  extract  may  arise  from  the  activity  of 
an  unorganized  ferment  (invertase,  diastase,  etc.).  O'Sullivan'^  found  a 
reducing  sugar  in  barley  extract  which  he  was  unable  to  identify  by  its 
optical  and  reducing  qualities.  The  quantity  of  this  sugar  obtained 
from  200  grams  of  barley  meal  was  only  0.73  gram.  A  similar  bodj^ 
in  respect  of  reducing  power  was  observed  in  wheat.  Wheat  yielded 
to  O'Sullivan  a  trace  of  a  fermentable,  nonreducing  sugar  of  a  moder- 
ately high  levo-rotatory  power,  but  there  is  doubt  of  the  actual  'exist- 
ence of  such  a  body  in  the  fresh  grain.  Frankfurter'  was  able  to  detect 
a  trace  of  reducing  sugar,  however,  in  the  germs  of  wheat. 

Stone ^  found  small  quantities  of  invert  sugar  in  winter  wheat,  but 
none  in  spring  wheat.  None  was  found  in  maize.  He  also  detected 
weighable  quantities  of  dextrin  in  both  cereals,  in  amount  equal  to 
about  0.25  per  cent.  With  the  possible  exception  of  barley,  it  is 
believed  that  maltose  is  not  found  in  fresh  cereals.    After  germiua- 

>  Bericiite,  vol.  19,  p.  1180.  '■  Versuclisstat,  vol.  47,  p.  464. 

2  .T.  Chern.  Sof.  Trans.,  vol.  49,  p.  64.  'J.  Cheni.  Soc.  Trims  ,  vol.  49,  p.  60. 

3  Berichte,  vol.  22,  p.  1047.  "  Versucbsstat,  vol.  47,  p.  457. 
-•  Bericlite,  vol.  27,  p.  62.  ^  O.  E.  S.  Bui.  34,  pp.  14-16. 
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tioD,  "however,  it  is  probable  that  other  cereals  than  barley  laay  have 
a  part  of  their  starch  converted  into  maltose. 

In  most  samples  of  cereal  grains  and  flours  made  from  them  traces 
of  invert  or  reducing  sugar  may  be  found.  Whether  these  preexist  in 
the  fresh  grain  or  are  the  result  of  the  action  of  the  enzymes  it  is  difti- 
cult  to  say.  In  addition  to  this  there  are  found  also  weighable  traces 
of  dextrin^,  or,  as  claimed  by  Girard^,  galactin. 

In  the  common  method  of  separating  the  carbohydrates  soluble  in 
water  from  the  freshly  ground  grain  or  flour  it  must  not  be  forgotten 
that  precautions  are  not  usually  taken  to  prevent  the  action  of  the 
natural  enzymes,  which  all  cereal  flours  contain,  during  the  time  of 
extraction.  Under  the  conditions  in  which  ordinary  aqueous  extrac- 
tion is  practiced  these  enzymes  may  become  active,  and  consequently 
a  portion  of  the  soluble  materials  secured  may  be  due  to  this  source. 
In  order  to  avoid  the  action  of  the  enzymes  Girard  proposes  to  con- 
duct the  extraction  at  a  very  low  temperature,  viz,  at  about  0°  0.  This 
low  temi^erature  is  secured  by  conducting  the  extraction  in  a  vessel 
which  is  surrounded  by  pounded  ice.  In  these  conditions  the  water  in 
contact  with  the  finely  ground  flour  is  reduced  almost  to  the  tempera- 
ture of  zero.  At  this  temperature,  with  the  help  of  a  mechanical  stirrer 
all  the  matter  which  will  pass  into  solution  can  be  practically  extracted 
in  about  four  hours,  and  the  action  of  the  enzymes  being  arrested, 
only  the  actual  soluble  matter  in  the  flour  of  ground  grain  at  the^  time 
the  extraction  is  begun  is  secured.  It  is  probable,  therefore,  that  the 
values  given  by  analysts  in  general  to  represent  the  quantity  of  matters 
in  a  flour  soluble  in  water  are  too  high.  According  to  Girard,  the  pre- 
cipitate which  is  produced  in  the  aqueous  extract  from  a  flour  secured 
as  above  described  on  the  addition  of  alcohol  is  not  dextrin,  but  galac- 
tin. In  some  instances  he  has  detected  nearly  1  per  cent  of  this  sub- 
stance, a  matter  not  only  of  importance  scientifically,  but  also  in  baking, 
Girard  also  has  found  a  considerably  larger  quantity  of  sucrose  than 
Krug  found  in  the  aqueous  extract  of  finely  ground  wheat.  The  quan- 
tities of  invert  or  reducing  sugars  found  by  him  reach  as  much  as  0.2 
per  cent  in  some  instances.  The  following  table  gives  the  names  and 
quantity  of  substances  soluble  in  water  in  four  samples  of  wheat: 

Substances  hi  wheat  soluble  in  water. 


Constituents  soluble  in  water. 


Sample 
No.  1. 


Sample 
:No.2. 


Sample 
No.  3. 


Sample 
JS'o.4. 


Glucose  or  reducing  pugar 

Sucrose 

Nitrogenous  matter  and  diastase 

Galactin 

Mineral  matters 

Not  determined 


Per  cent. 
0.21 
0.86 
1.10 
0.52 
0.3G 
0.07 


Per  cent. 
0.16 
1.20 
1.02 
0.59 
0.32 


Per  cent. 
0.20 
1.70 
1.02 
0.78 
0.30 


Per  cent. 
0.0& 
0.98 
1.28 
0.99 
0.22 


Comptes  rendus,  vol.  104,  April  26  and  May  3, 1897. 
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I  will  add  here  the  quantities  of  invert  or  reducing  sugar,  sucrose, 
and  dextrin  or  galactiu  obtained  by  Krug  in  tliis  laboratory  on  the 
samples  named  in  the  table. 

Table  showing  the  percentages  of  invert  sugar,  sucrose,  and  dextrin  or  galactin  in  cereals 

and  cereal  xjroducts. 


!Name. 


Wheat 
Eye... 


Oats 

Bailey 

Wheat  flour 

Graham  dour 

Buck^vheat  flour 

Self-raising  wheat  flours 

Miscellaneous  wheat  flours. . . 
Common  market  wheat  flours 

Bakers"  and  family  flours 

Patent  wheat  flours 


Invert 
sugar. 

Sucrose. 

Dextrin. 

Per  cent. 

Per  cent. 

Per  cent. 

0.027 

0.330 

0.160 

.068 

.416 

.220 

.031 

.173 

.260 

.017 

.177 

.140 

.014 

.101 

.190 

.038 

.382 

.210 

.000 

.060 

.006 

.000 

.056 

.080 

.003 

.098 

.130 

.021 

.288 

.210 

.027 

.190 

.220 

.002 

.085 

.200 

Raffixose. 

Richardson  and  Crampton/  as  already  stated,  found  from  15  to  18  x^er 
cent  of  sugar  in  the  germs  of  wheat,  of  which  the  chief  part,  from  80  to 
90  per  cent,  consisted  of  cane  sugar.  The  rest  behaved  in  a  manner 
analogous  to  raffinose,  but  they  did  not  succeed  in  getting  this  sugar 
in  an  isolated  state,  and  were  of  the  opinion  that  a  new  kind  of  sugar 
was  pre.-^ent. 

O'Sullivan-  obtained  raffinose  from  barley  by  evaporating  an  alcoholic 
extract  of  the  meal,  dissolving  the  sirup  obtained  in  the  least  possible 
quantity  of  alcohol,  and  adding  a  little  ether.  After  some  time  quite 
pure  crystals  of  rafiBnose  were  separated. 

Later,  in  1893,  Schulze  and  Frankfurter^  secured  a  nearly  pure  prepa- 
ration of  raffinose  from  the  germs  of  wheat,  but  the  percentage  amount 
of  it  is  not  stated. 

The  sugars  were  separated  from  the  germs  by  hot  alcohol  and  were 
subsequently  precipitated  by  strontium  liydroxid.  Frankfurter^  has 
found  6.89  per  cent  raffinose  in  wheat  germs. 


MISCELLANEOUS  CONSTITUENTS  OF  CEREAL  GRAINS. 
NITROGENOUS   BASES. 

The  nitrogen  contained  in  cereal  grains  is  not  all  in  the  form  of 
proteids.  A  part  of  it  exists  in  the  form  which  is  commonly  known 
as  amido  nitrogen,  forming  compounds  which  are  not  nutritious  nor 
digestible. 


'  Berichte,  vol.  19,  p.  1180. 

2  J.  Chem.  Soc,  Trims.,  vol.  49,  p.  70. 


'  Berichte,  vol.  27,  p.  64. 

^  Veisuchsstat,  vol.  47,  p.  464. 
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In  1885  tlie  first  of  these  amido  comi:)ouuds  found  in  cereal  grains, 
allantoin,  was  isolated  from  wheat  germs  in  this  laboratory  by  Eich- 
ardson  and  Crampton.^ 

Associated  with  allantoin  Frankfurter ^  has  found  also  asparagin. 

Two  other  nitrogenous  bases,  cholin  and  betain,  have  also  been 
isolated  from  the  wheat  germ  by  Frankfurter  and  Schulze.^  Sprouted 
barley  germs  also  contain  these  bases.  In  addition  to  these,  a  small 
quantity  of  xanthin-like  bodies  was  detected  by  the  same  investigators. 

FERMENTS. 

The  cereal  grains  contain  either  ferments  which  are  capable  of 
acting  upon  proteid  matters  and  starches,  or  else  the  elements  from 
which  these  ferments  can  be  i^roduced  under  the  influence  of  warmth 
and  the  vital  activity  of  the  plant.  A  body  from  which  the  ferments 
are  evolved  is  known  as  zymogen,  and  the  unorganized  ferments 
themselves  are  called  enzymes.  The  most  im^Dortant  of  these  is  a 
substance  which  has  already  been  mentioned,  namely,  diastase. 

KjeldahP  has  isolated  a  ferment  from  germinated  barley  identical  in 
its  action  with  invertase,  and  therefore  capable  of  converting  sucrose 
into  invert  sugar. 

It  is  quite  i^robable,  therefore,  that  the  grains  of  all  the  cereals 
contain  these  ferments  of  a  proteid  nature,  less  active  in  the  non ger- 
minated grain  and  developed  to  the  highest  activity  during  the  proc- 
ess of  germination.  It  is  also  probable,  as  indicated  by  Brown  and 
Morris,  that  there  may  be  slight  differences  in  the  character  of  these 
ferments. 

In  the  separation  of  enzymes  or  zymogen  from  vegetable  material  it 
is  customary  to  extract  the  fine-ground  material  with  glycerol  or 
glycerol-water,  and  subsequently  precipitate  the  extracted  matter  with 
alcohol.  The  ferment  is  then  purified  by  repeated  precipitations  with 
alcohol  of  its  aqueous  solution,  and  the  salts  which  it  contains  are 
thoroughly  removed  by  dialysis.  With  the  exception  of  diastase,  the 
unorganized  ferments  of  the  cereal  grains  have  not  been  thoroughly 
studied.  Frankfurter^  isolated  a  ferment  from  wheat  germs  capable  of 
dissolving  fibrin.  This  ferment,  however,  could  not  be  obtained  with- 
out previous  heating  of  the  germ  for  two  days  to  40°.  This  ferment, 
therefore,  does  not  exist  in  the  free  state  in  fresh  wheat  germs  which 
have  not  been  exposed  to  this  temperature.  Since,  however,  in  this 
country  wheat  is  often  exposed  to  a  temperature  approaching  40°  in 
the  fields,  it  is  not  improbable  that  it  might  be  found  in  such  wheats 
without  previous  heating.  The  wheat  evidently  contains  a  zymogen 
which,  under  the  action  of  heat,  develops  the  ferment. 

1  Berichte,  vol.  19,  p.  1180.  '^  Bourquelot,  Les  ferments  solubles,  p.  9. 

2  Yersuchsstat,  vol,  47,  p.  453.  ^  Versuchsstat,  vol.  47,  p.  455. 

3  Berichte,  vol.  26,  p.  2151. 
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Diastase. 

Kirclioff/  in  1814,  was  the  first  to  observe  that  germinated  barley 
contained  a  substance  which  was  capable  of  hj'drolyzing  starch,  but 
he  mistook  it  for  gluten.  The  ferment  itself  was  first  isolated  by  Payen 
and  Persoz^  in  1833,  and  named  diastase  by  tbem. 

The  word  '-enzyme''  as  a  general  characterization  of  soluble  ferments 
was  proposed  by  Kiihne^  in  1878. 

KJeldahl*  has  found  diastase  in  the  nongerminated  barley. 

Brown  and  Morris  '  recognize  two  kinds  of  diastase,  viz,  of  secretion 
and  displacement.  The  diastase  which  is  produced  by  the  vital  activity 
of  germinating  grains  is  analogous  to  that  of  the  secreted  digestive 
ferments,  and  hence  belongs  to  the  first-named  class.  The  second  class 
of  diastatic  ferments  is  much  more  largely  distributed  in  the  vegetable 
kingdom,  and  it  is  found  in  nongerminated  grains.  The  first  kind  of 
diastase,  when  in  contact  with  starch  particles,  corrodes  them  as  if 
mechanically,  and  the-starch  granules  which  have  been  subjected  for 
a  short  time  to  their  action  have  the  appearance  of  having  been 
gnawed.  The  second  kind  of  diastatic  ferments  acts  more  generally 
on  the  starch  granule  without  producing  any  mark  of  disaggregation 
or  corrosion,  the  starch  granule  diminishing  in  volume  little  by  little 
without  changing  its  form  suddenly  until  complete  solution  takes 
place.  This  variety  of  diastase  acts  very  slowh^  on  the  solid  starch  or 
on  the  starch  paste,  but  rapidly  converts  soluble  starch  into  sugar. 

Osborney^  who  has  made  the  most  extensive  study  of  the  chemical 
properties  of  diastase  which  has  yet  been  published,  thinks  it  prob- 
able that  this  substance  is  a  true  proteid,  or  closely  resembles  it. 
According  to  his  view,  it  is  either  an  albumin,  a  combination  of  an 
albumin  with  a  proteose,  or  a  proteose.  It  is  probable  that  it  is  most 
closely  related  to  the  albumin  which  is  known  as  leucosin. 

COMPOSITIOX   OF   THE    ASH    OF    CEKEALS. 

The  mineral  matters  of  cereal  grains  are  left  after  incineration  in  com- 
bination with  carbon  dioxid  and  with  phosphoric,  sulphuric,  hydro- 
chloric, and  silicic  acids.  In  the  unburned  grains  the  mineral  matters 
doubtless  exist  partly  in  combination  with  some  of  the  acids  named 
above,  and  also  to  a  great  extent  as  salts  of  tlie  organic  acids.  On 
ignition  the  compounds  of  the  organic  acids  and  bases  are  reduced  to 
carbonates.  All  of  the  phosphorus,  sulphur,  and  chlorin  which  are 
found  in  the  inorganic  state  in  the  ash  may  not  have  existed  as  such 

'  Memoirs  read  at  the  Academic  of  Sciences  at  St.  Petersburg.  December  SO.  1814. 
Bourquelot,  op.  cit.  supra,  12. 

2  Adu.  de  chim  et  de  phys.  (2),  vol.  43,  p.  73. 
^Untersuchungeu  der  Phys.  lust.  Heidelberg,  1878,  p.  291. 
''C.  r.  des  travaux  du  lab.  de  Carlsberg,  1879.  p.  138. 
■'^  J.  Chem.  Soc,  Trans.,  1890,  p.  505. 
«18th  Report  Couu.  Agr.  Exp.  Station,  p.  206. 
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in  the  original  grains,  but  a  portion  of  each  of  these  is  found  in  organic 
combination  ;  for  instance,  a  part  of  the  phosphorus  doubtless  exists  as 
lecithin  and  neuclein,  and  a  large  part  of  the  sulphur  is  found  in  com- 
bination with  the  j)rot&id  matter.  The  chlorin  exists  mostly  in  the  inor- 
ganic state  in  combination  with  sodium,  but  nearly  the  whole  of  the 
sulphuric  acid  which  is  found  in  the  ash  is  derived  from  the  sulphur  of 
the  proteids.  A  study  of  the  composition  of  the  ash  of  the  cereals 
from  the  purely  chemical  side  is  not  altogether  satisfactory.  The  diifi- 
culties  attending  the  determination  of  the  ash  ingredients  are  very 
considerable,  and  the  fact  that  the  final  form  in  which  they  are  obtained 
is  quite  different  from  that  in  which  they  exist  in  the  cereal  grains, 
diminishes  to  a  great  extent  the  value  of  the  information  which  the 
analytical  data  afford.  In  the  data  which  follow  the  ash  was  burned 
without  the  addition  of  any  substance  to  help  secure  complete  combus- 
tion. The  method  recommended-by  the  Association  of  Official  Agricul- 
tural Chemists  was  strictly  followed;  viz,  the  charring  of  the  material 
at  a  low  temperature,  the  extraction  of  the  char  with  hot  water  to 
remove  the  soluble  ash  therein,  and  the  final  combustion  of  the  carbo- 
naceous residue  at  as  low  a  temperature  as  possible  until  an  ash  fairly 
free  of  carbon  was  secured.  While  this  method  can  be  applied  with  a 
fair  degree  of  success  to  small  quantities  of  cereal  flours,  and  for  the 
purpose  of  determining  simply  the  percentage  of  ash  therein,  the 
attempt  to  apply  it  to  considerable  quantities  for  the  purpose  of  secur- 
ing an  amount  of  ash  necessary  for  the  complete  analysis  is  attended 
with  difficulties. 

Prixcipal  Difficulties  in  Procuring  Ash. 

The  chief  of  these  difficulties  are  the  following: 

In  the  first  place,  in  the  absence  of  any  oxidizing  material  a  part  of 
the  sulphur  may  escape  oxidation  to  sulphuric  acid.  The  amount  of 
sulphates,  therefore,  contained  in  the  ash  is  often  much  less  than  would 
be  expected  from  the  total  sulphur  in  the  grains. 

In  the  second  place,  the  ash  of  cereals  is  apt  to  be  excessively  acid 
on  account  of  the  large  quantity  of  phosphoric  acid  which  it  contains. 
As  a  result  the  acid  phosphates  rather  than  the  neutral  phosphates 
predominate  among  the  mineral  salts.  It  is  difficult  to  burn  finely 
divided  carbon  in  contact  with  acid  phosphates  without  a  reduction  of 
a  portion  of  the  phosphorus  and  a  consequent  loss  thereof.  For  the 
same  reason  the  organic  phosphorus  is  apt  to  escape  oxidation,  and  a 
portion  of  it  may  be  lost  as  volatile  compounds.  If  the  temperature  be 
allowed  to  rise  the  least  degree  above  the  lowest  redness  a  certain 
amount  of  the  reduced  phosphorus  combines  with  the  platinum  of  the 
dish  in  which  the  combustion  takes  idace,  and  the  result  is  the  loss  of 
the  dish. 

In  the  third  place,  the  acid  phosphates  or  free  i)hosphoric  acid,  even 
at  very  low  temi)eratures,  decompose  any  alkaline  chlorids  which  may 
be  present,  with  the  consequence  that  the  chlorin  of  the  ash  may 
escape.    In  several  instances  no  chlorin  was  found,  and  yet  it  is  not 
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probable  tliat  any  cereal  grain  exists  without  at  least  a  trace  of  chlorin. 
Wliile  the  amount  of  chlorin  in  any  case  is  very  small,  and  the  error 
which  would  be  introduced  into  the  analysis  by  its  loss  is  propor- 
tionately negligible,  yet  the  existence  of  such  a  state  of  uncertainty  is 
at  least  anuoying  to  the  analyst. 

In  the  fourth  place,  there  is  the  great  difficulty  of  burning  a  consid- 
erable quantity  of  cereal  grains  to  secure  an  ash  reasonably  free  of 
carbon.  At  best  the  ashes  are  of  a  light-gray  color,  and  in  some 
cases,  owing  to  the  excess  of  carbon,  inclined  to  black.  The  applica- 
tion of  sufficiently  high  temperature  to  secure  complete  oxidation 
produces  serious  changes  in  the  composition  of  the  ash,  rendering 
complete  oxidation  difficult,  and  the  resulting  ash  unsatisfactory  for 
analytical  purposes.  It  is  only  necessary  for  one  to  look  at  the  data 
in  tables  of  ash  analysis  to  show  how  wide  are  the  variations  for 
almost  every  constituent  found  therein.  It  is  believed  that  these  vari- 
ations are  due  chiefly  to  differences  in  composition,  but  to  some  extent 
they  ma}'  be  attributed  to  faults  of  analysis  and  changes  produced  in 
the  mineral  matters  of  tlie  ash  during  incineration  rather  than  to  any 
such  wide  variations  in  the  natural  constituents  of  the  substance.  lu 
hirge  numbers  of  analyses  the  mean  data  may  represent  very  nearly 
the  average  constitution  of  the  asli.  but  in  individual  analyses  the 
variations  may  be  quite  pronounced. 

Descriptiox  of  Samples  of  Ash. 

The  samples  of  ash,  the  analyses  of  which  are  given  in  the  following 
tables,  were  obtained  by  the  incineration  of  composite  samples  of  the 
cereals  exhibited  at  the  World's  Columbian  Exposition. 

^yheat. — Sample  ^o.  IGOOO  is  the  ash  derived  from  7  typical  samples 
of  Canadian  wheat. 

No.  IGOOl  is  the  ash  from  4  samples  of  wheat  from  the  Argentine 
Republic . 

Xo.  JGOOlJ,  1  sample  of  rye  from  Minnesota. 

yo.  10003,  10  samples  of  rye  from  different  parts  of  the  United 
States. 

No.  10004,  1  sample  of  rye  from  Brazil. 

No.  15090,  28  samples  of  barley  from  the  United  States. 

No.  15995,  19  sami)les  of  barley  from  Canada. 

No.  15998,  45  samples  of  oats  from  the  United  States. 

No.  15997,  12  samples  of  oats  from  Canada. 

No.  15999,  1  sample  of  oats  from  Great  Britain. 

No.  10010,  18  samples  of  maize  from  the  United  States. 

No.  10011,  2  samples  (jf  maize  from  the  Argentine  Kepublic. 

No.  10012,  1  sample  of  maize  from  Bulgaria. 

No.  10013,  1  sample  of  maize  from  New  South  Wales. 

No.  10000,  1  sample  of  rice  from  Johore. 

No.  10008,  2  samples  of  rice  from  Guatemala. 

No.  10009,  1  sample  of  rice  from  Bulgaria. 
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'No.  16007,  6  samples  of  rice  from  Japan. 

No.  16005,  8  samples  of  buckwheat  from  tbe  United  States. 

In  each  group,  for  the  imrpose  of  comparison,  are  given  the  means  of 
the  analyses  of  the  ashes  of  that  group  as  given  in  Wolff's  work  on 
ash  analysis.  In  regard  to  the  comparison  between  the  data  given  and 
those  copied  from  Wolff's  book  attention  should  be  called  to  the  fact 
thatWolft's  analyses,  from  which  tlie  data  were  copied,  were  made 
more  than  twenty-five  years  ago.  Although  the  methods  of  examina- 
tion have  not  been  greatly  changed  in  tbat  time,  yet  there  has  been  a 
sufficient  modification  of  them  to  render  of  slightly  less  value  the  com- 
parisons of  late  with  old  analyses. 

Cereals:  Composition  of  pure  ash. 


Kind  of  graiu. 


WHEAT. 

Canada  

Argentina 

Mean  of  Wolff's  analyses — 

Winter  wheat  ,. 

Spring  wheat 

RYE. 

Minnesota 

Other     parts     of    United 

States  

Brazil- 

Mean  of  Wolff's  analyses. . 

BARLEY. 

United  States 

Canada 

Mean  of  Wolff's  analyses. . 

OATS. 

United  States 

Canada  

Great  Britain 

Mean  of  Wolff's  analyses. . 

MAIZE. 

United  States 

Argentina 

Bulgaria 

New  South  Wales 

Mean  of  Wolff's  analyses . . 

RICE. 

Unhulled 

Polished  Guatemala 

Polished  Bulgaria 

Unpolished  Japan 

Mean  of  Wolffs  analyses, 
shelled 

BUCKWHEAT. 

United  States 

Mean  of  Wolff's  analyses. . 


KiO. 


Perct. 
24.03 
14.06 

31.16 
29.99 


43.20 
25.18 
31.47 


24.15 
26.76 
20.15 


15.91 
20.74 
19.  22 
16.38 


NaO. 


Per  ct. 
9.55 

2.04 

2.25 
1.93 

4.64 

2.83 
4.67 
1.70 


6.42 
9.36 
2.53 


4.38 
2.16 
5.95 
2.24 


33.  92  7.  72 

30.  75  10.  55 

27.61  '  3.34 

30.  47  4.  93 

27.93  1.83 

20.  84  I  13.  98 

22.  45  8.  89 

14.59  ;  7.70 

25.82  6.38 

21.73  5.50 


35.15 
23.07 


3.12 


CaO. 

MgO. 

Perct 

Perct. 

3.50 

13.24 

5.73 

16.88 

3.34 

11.97 

2.93 

12.09 

5.56 

11.73 

Fe^O, 


P-^Os. 


5.29 
6.04 
2.63 


16.54 
10.05 
n.54 


2.44  !  8.23 
4.27  I  7.87 
2. 


4.09 
5.93 
5.00 
3.73 


8.62 


7.18 
9.41 
7.05 
7.06 


3.18  j  17.99 

2.69  j  17.15 

3.  90  ;  17. 10 

3.27  j  14.21 

2.28  I  14.98 
j 

4.48  j  9.60 

5.64  I  9.80 

3.31  I  10.42 

4.22  !  19.69 

3.29  ;  11.20 


6.62  i  20.55 
4.42  I  12.42 


Per  ct.  \  Perct. 
0.  52  46.  87 
0.57   58.38 


1.31 
0.51 


.63 


5.23  1  41.81 


0.42  i  27.63 
2.19  i  34.20 
1.63  i  46.93 


0.  33  35. 47 
0.  35  24.  63 
0.  97  34.  68 


0.20 
0.30 
0.63 
0.67 


0.50 
0.31 
0.37 
0.54 
1.26 

0.89 
0.49 
0.70 
0.39 

1.23 


1.68 
1.74 


24.34 
22.36 
29.61 
23.02 


53.68 


S03. 

CI. 

Perct 

Perct. 

0.01 

0.00 

0.02 

0.00 

0.37 

0.22 

1,52 

0.48 

0.52 

0.58 

0.87 

0.00 

1.84 

0.00 

1.10 

0.61 

0.22 

0.56 

0.71 

0.47 

1.69 

0.93 

0.48 

1.02 

0.56 

0.62 

0.81 

0.86 

1.36 

0.58 

0.44 

0.00 

0.33 

0.00 

0.06 

0.00 

0.68 

0.00 

1.30 

1.42 

0.24 

0.80 

0.50 

0.95 

0.60 

1.00 

0.39 

0.00 

0.62 

0.10 

3.59 

0.67 

2.11 

1.30 
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Mineral  Substances  in  the  Ash  ani>  theiij  Relations. 

The  most  important  constituents  of  the  ash  of  cereals  from  an  agri- 
cultural point  of  view  are  the  potash  and  phosphoric  acid.     The  most 

important  coustitueiits  from  tlie  nutrient  or  physiological  point  of 
view  are  the  lime,  soda,  and  phosphoric  acid.  In  regard  to  the  other 
constituents  of  the  ash,  namely,  the  magnesia,  iron,  sulphuric  acid, 
chlorin,  and  silica,  it  may  be  said  that  they  play  a  less  imiiortant 
role  in  nutrition.  Soda  is  more  important  from  a  physiological  i^oint 
of  view,  since  it  is  well  known  that  herbivorous  aninmls  consuming 
large  quantities  of  i^otash  require  more  soda  than  is  found  in  their 
food.  Common  salt  thus  becomes  a  necessity  in  the  nutrition  of  those 
animals,  atlbrding,  according  to  some  authorities,  a  means  whereby  the 
excess  of  potash  may  be  removed  as  chlorid.  It  is  also  seen  that  the 
phosphoric  acid  is  in  far  larger  proportion  than  would  be  necessary  to 
unite  with  the  lime  present  to  form  tiie  tricalcium  phosphate,  of  which 
the  mineral  matter  of  bone  is  chiefly  composed. 

Mineral  matters  have  quite  a  different  role  in  the  building  of  plant 
tissues  from  that  which  they  play  in  the  building  of  animal  tissues. 
In  general,  it  may  be  said  that  the  plant  assimilates  the  mineral  mat- 
ters in  the  inorganic  state  and  elaborates  them  in  the  form  of  organ- 
ized bodies,  in  which  condition  the  mineral  matters  are  chiefly  valuable 
in  animal  nutrition.  From  the  standpoint  of  vegetable  physiology, 
therefore,  the  role  which  mineral  matters  play  is  different  from  that 
which  they  assume  in  the  animal  system. 

THE    PART    OF    MINERAL    SUBSTANCES    IN   NUTRITION. 

A  few  words  in  detail  iri  regard  to  the  roles  of  some  of  the  principal 
mineral  matters  in  plant  and  animal  nutrition  are  necessary  to  a  correct 
conception  of  the  value  of  the  mineral  ingredients  of  foods. 

Iron. — It  has  long  been  supposed  by  physiologists  that  the  iron  plays 
an  important  part  in  vegetable  growth  in  being  an  indispensable 
component  of  the  chlorophyl  cells.  Investigations  in  the  last  few 
years,  especially  t4iose  made  by  Molish.^  show  that  iron  is  not  a  con- 
stituent of  the  coloring  matter  of  the  chlorophyl  cells.  At  present, 
therefore,  iron  can  not  be  rej;*arded  as  an  essential  constituent  of  the 
vegetable  organism.  The  role  which  it  plays  as  a  mineral  matter  in 
general  will  be  mentioned  further  on. 

Lime. — Lime  is  undoubtedly  an  important  element  of  plant  growth. 
Water  cultures  of  plants  show  that  in  the  absence  of  lime  the  full 
development  of  the  plant  can  not  be  secured.  Its  universal  presence 
in  plants  in  large  quantities  can  not  be  regarded  as  merely  accidental. 
Its  chief  role  in  vegetable  giowtli  is  doubtless  to  act  as  a  neutralizing 
agent  for  the  organic  acids  which  are  produced,  especially  as  deriva- 
tives of  the  carbohydrates.     Oxalic  acid  is  extre:nely  poisonous  to  the 

^  Die  Ptiauze  in  ihre  Beziehunjieii  zum  Eiseii,  Jena,  18i«2. 
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plaatj  and.  as  this  is  one  of  the  acids  which  is  developed  iu  the  degra- 
dation of  carbohydrates,  its  presence  would  greatly  hinder  or  even 
prevent  the  growth  of  the  plant  unless  some  substance  were  present 
to  neutralize  it.  Calcium  is  one  of  the  best  of  these  substances,  since 
it  forms  with  the  oxalic  acid  a  practically  insoluble  compound  render- 
ing the  acid  harmless.  Lime  doubtless  has  other  functions,  but  this 
may  be  regarded  as  one  of  its  chief. 

Magnefiia. — The  constant  association  of  lime  and  magnesia  in  plants 
is  an  evidence  of  the  fact  that  magnesia  is  also  an  important  con- 
stituent of  plant  substances.  Magnesia  is  doubtless  associated  with 
phosphorus  and  lime  in  favoring  the  formation  of  protein  in  the  plant 
tissues.  It  is  found  especially  in  large  quantities  in  the  grains  of 
plants  where  the  proteid  is  largely  accumulated. 

Potash. — This,  among  the  mineral  substances,  is  the  most  imiDortant 
constituent  of  i)lant  tissue,  with  the  possible  exception  of  phosphorus. 
As  phosphorus  seems  to  be  associated  especially  with  the  formation  of 
protein,  so  potash  is  found  to  be  associated  with  the  production  of  car- 
bohydrates. It  is  especially  active  in  the  production  of  the  soluble 
carbohydrates  like  sucrose.  In  those  plants  which  produce  sucrose  in 
large  quantities,  such  as  the  sugar  beet,  potash  inlays  a  most  important 
function.  It  is  probable  that  its  activity  in  the  formation  of  carbo- 
hydrates is  not  the  sole  function  of  potassium  in  plant  growth,  but  its 
less  important  functions  have  not  been  carefully  made  out. 

Sulphur. — Sulphur  is  indispensable  in  the  formation  of  protein,  and 
it  is  therefore  essential  to  the  metabolic  processes  of  the  plant  cells, 
whereby  inorganic  carbon,  nitrogen,  hydrogen,  oxygen,  and  sulphur 
are  built  up  into  the  complex  forms  assumed  by  the  vegetable  proteids. 

Silica. — It  is  frequently  stated  that  silica  has  an  important  function 
in  serving  to  give  solidity  and  strength  to  plant  tissues.  This  is  cer- 
tainly a  mistake.  It  is  impossible  to  say,  with  our  present  knowledge, 
whether  or  not  silica  has  an  important  function  in  plant  growth,  or 
whether  its  occurrence  in  plants  is  an  accident  due  to  the  fact  that  the 
plants  grow  in  a  medium  containing  very  abundant  quantities  of  this 
substance.  The  metabolic  processes  which  render  the  silica  of  the  soil 
soluble  and  secure  its  transportation  through  the  plant  are  not  well 
understood. 

Soda. — Soda  and  potash  are  so  intimately  related  chemically  that  it 
is  not  strange  to  find  them  associated  in  the  mineral  constituents  of 
plants.  Some  high  aAithorities  are  of  the  opinion  that  soda  may  to 
some  extent  take  the  place  of  potash  in  the  growth  of  plants,  but  this 
idea  has  not  received  sufficient  corroboration  experimentally  to  warrant 
its  adoption.  Soda  doubtless  has  some  use  in  satisfying  the  hunger  of 
plants  for  mineral  substances  in  general,  but  that  it  plays  any  specific 
role  in  vegetable  physiology,  or  that  it  can  replace  potash  as  an  essen- 
tial element  of  plant  food  has  not  been  demonstrated. 

Nitrogen. — Nitrogen  forms,  with  potash  and  phosphorus,  the  trio  of 
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iuorgnnic  substances  which  are  regarded  as  tljose  most  essential  to 
l)Uuit  growth.  It  is  uow  the  generally  accepted  opinion  that  nitrogen 
enters  the  plant  only  in  the  inorganic  state,  and  from  this  condition  is 
elaborated  into  the  complex  organic  forms  in  whi(;h  it  is  found  in  the 
mature  plant.  There  is,  however,  some  experimental  evidence,  quite 
weighty  in  its  character,  going  to  show  that  nitrogen  may  be  used  by 
plants  in  a  partially  organic  state  as  amid  nitrogen,  or  at  least  in  a 
partially  oxidized  state,  as  amuiouia  or  ammonia  salts.  It  is  undoubt- 
edly true,  however,  that  almost  the  whole  of  the  nitrogen  which  is 
elaborated  by  plants  in  their  tissues  is  fed  to  them  in  the  form  of  nitric 
acid.  The  nitrogen  of  plants  is  found  almost  exclusively  as  protein, 
constituting  the  plant  proteids.  Only  small  quantities  of  nitrogen  are 
found  in  the  amid  or  ammoniacal  or  nitric  forms  in  mature  plants. 

Fhosphorns. — Phosphoric  acid  is  perhaps  the  most  valuable  of  all  the 
mineral  foods  of  plants.  Phosphorus  is  absorbed  almost  exclusively 
in  the  form  of  phosphoric  acid  or  i)hosphates-  mostly  calcium  phos- 
phate. In  the  processes  of  plant  activity  the  f)bosphorus  is  separated 
largely  from  the  calcium  phosphate,  and  is  found  in  the  perfected 
organism  of  the  plant,  chietiy  in  combiimtion  with  i^otassium,  as  far  as 
its  mineral  form  is  concerned.  A  large  quantity  of  the  i^hosphorus, 
however,  passes  into  the  organic  form,  chiefly  lecitliin.  in  which  state 
it  is  a  highly  imiwrtant  and  essential  constituent  of  many  parts  of  the 
plant,  and  especially  of  the  seeds.  It  is  believed  that  this  organic 
l)hospliorus  plays  an  important  role  in  animal  nutrition. 

It  is  certain  that  phosphorus  plays  a  highly  imi)ortant  role  in  the 
vital  organism  aside  from  its  usefulness  in  the  building  of  bones. 
With  nitrogen  it  shares  the  distinction  of  being  an  essential  of  funda- 
mental cell  activity.  This  is  true  not  only  of  the  vegetable,  but  of  the 
animal  organism.  Phosphorus  is  quite  as  indispensable  as  water  or 
air  to  vegetable  or  animal  life.  The  primordial  cell  in  which  the  chem- 
ical changes  which  condition  animal  and  vegetable  metabolism  take 
place  lives  and  exercises  its  function  only  in  the  presence  of  phosphorus, 
whether  that  phosphorus  be  i)reseuted  to  it  in  the  organic  or  inorganic 
form.  With  most  of  the  vegetable  cells  iQorganic  phosphorus  seems  to 
be  entirely  sufficient  for  forming  organic  compounds,  of  which  lecithin 
is  the  most  important,  while  with  the  animal  cells  it  is  probable  that 
the  i)hosphorus  is  best  utilized  in  the  organic  state.  In  vegetable  cells 
phosphorus  is  the  indispensable  element  upcui  whose  activity  the  trans- 
formation of  inorganic  into  organic  nitrogen  depends.  ^Vhenever  the 
primordial  cells  are  placed  in  an  environment  entire)}'  free  of  phos- 
l)horus,  although  all  the  other  conditions  of  their  growth  are  supplied, 
they  refuse  to  multiply,  and  soon  die  of  inanition.  The  nerve  tissues 
of  the  animal  body,  including  the  brain,  contain  also  large  quantities 
of  ])hosi)horus,  and,  as  in  the  case  of  the  bones,  it  is  an  essential  con- 
stituent thereof.  The  brain  contains  about  0.75  per  cent  of  phosi)horus. 
Other  tissues  of  the  body  contain  less  than  this,  as.  for  instance,  the 
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skill,  which  contains  only  0.15  per  cent,  while,  strange  to  say,  those 
tissues  whose  functions  are  so  nearly  allied  to  those  of  the  bones, 
namely,  the  tendons,  contain  the  least  phosphorus  of  any  of  the  animal 
tissues.  There  are  some  plants,  notably  those  of  a  leguminous  nature, 
which  have  the  property  of  oxidizing  atmospheric  nitrogen  and  thus 
furnishing  the  nitrogenous  vital  principle  which  is  necessary  to  their 
growth,  even  if  it  be  absent  in  the  soil.  Phosphorus,  not  existing  in 
the  gaseous  form,  must  be  supplied  to  plant  growth  in  the  soil  itself. 
It  therefore  may  be  said  to  be  the  essential  vital  element  on  which  all 
vegetable  growth  is  conditioned.  In  nutrition  the  role  of  phosphorus 
is  intimately  associated  with  that  of  the  proteids.  By  oxidation  of  the 
proteid  matter  in  the  system  it  is  changed  into  other  forms  of  nitrog- 
enous matter.  Its  destruction,  as  evidenced  by  the  formation  of  urea, 
and  its  incorporation  in  other  tissues,  as,  for  instance,  the  muscular 
tissues  of  the  body,  take  place  in  intimate  union  with  the  phosphorus 
in  the  vital  cells. 

Physiological  chemistry  shows  that  the  growing  and  active  cells  are 
those  which  use  the  larger  quantities  of  phosphorus.  It  is  known  that 
the  blood  which  leaves  the  more  energetic  organs  of  the  body,  such, 
for  instance,  as  the  liver,  is  more  completely  exhausted  of  its  phosphorus 
than  the  blood  which  leaves  the  capillaries,  where  the  cell  activity  is 
less  vigorous.  This  fact  shows  that  the  maximum  cell  activity  of  the 
vital  organs  is  associated  with  the  largest  consumption  of  phosphorus, 
vlt  is  quite  certain,  therefore,  that  every  rational  system  of  nutrition 
will  pay  special  attention  to  the  proper  supply  of  phosphorus.  For- 
tunately, as  has  before  been  intimated,  nature  has  placed  a  more  than 
abundant  supply  of  phosphorus  in  the  cereal  grains;  so  that  it  is  pos- 
sible in  the  process  of  milling  to  remove  a  certain  portion,  perhaps  the 
greater  portion,  of  the  phosphorus  and  still  leave  a  sufficient  quantity 
to  su])ply  abundantly  the  ordinary  needs  of  the  mature  body.  In  the 
case  of  children,  however,  where  the  demand  for  phosphorus  is  rel- 
atively greater  than  with  grown  persons,  great  care  should  be  exercised 
not  to  supply  them  with  a  food  in  which  the  content  of  phosphorus  has 
been  reduced  to  too  low  a  degree.  For  this  reason  bread  made  of  the 
whole  cereal  grain  is  doubtless  to  be  preferred  for  the  nutrition  of  chil- 
dren to  the  tine  flour  breads  of  commerce.  In  the  proportion  that 
bread  is  the  chief  constituent  of  food,  just  in  that  proportion  should 
attention  be  paid  to  the  content  of  phosphorus  in  the  ash  for  the  pur- 
pose of  avoiding  a  depreciation  of  its  nutritive  qualities  to  an  extent 
which  would  render  it  insufficient  to  the  proper  nourishment  not  only 
of  the  bones  and  the  tissues  of  the  body  requiring  i^bosphorus,  but  of 
the  primordial  cells  whose  functional  activity  would  be  diminished  or 
destroyed  by  withholding  a  sufficient  amount  of  phosphatic  food. 

EXCESS    OF   MINERAL   MATTERS. 

It  is  evident,  however,  that  a  large  part  of  the  mineral  constituents 
of  cereals  is  not  required  for  the  nourishment  of  the  body.     Feeding 
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experiments  have  contirmed  this  theoretical  view,  and  the  ash  of  food 
materials  has  the  lowest  coefficient  of  digestion  of  any  constituent 
thereof,  with  the  i)0ssible  exception  of  cellulose.  It  must  not  be 
inferred  from  this,  however,  that  the  presence  of  these  bodies  in  cereals 
is  purely  adventitious.  The  fact  that  the  bodies  mentioned  in  the 
table  are  constantl}^  found  in  c  ereal  products  is  sufficient  indication 
that  they  naturally  belong  there.  Although  they  may  not  directly 
nourish  the  body  and  are,  after  ingestion  with  the  food,  voided  largely 
as  waste  products,  yet  they  evidently  have  a  function  which  is  of  great 
importance.  Their  presence  gives  to  the  food  a  relish  and  tlavor  which 
it  would  not  otherwise  have,  and  hence  makes  it  more  appetizing  and 
palatable.  In  other  words,  they  doubtless  serve  to  a  limited  extent 
the  same  purjjose  as  ordinary  condiments.  If  it  were  possible  to 
extract  from  cereal  foods  all  their  mineral  constituents  without  alter- 
ing the  nature  of  the  other  ingredients,  it  would  doubtless  be  found 
that  the  pleasant  liavor  of  the  food  would  be  greatly  diminished.  In 
grinding  and  reducing  to  merchantable  flour  a  considerable  portion,  as 
a  rule  more  than  half,  of  the  mineral  ingredients  is  removed  lu  the 
waste  products  of  the  meal.  Enough  is  left,  however,  not  only  to  sup- 
ply the  need  of  the  body  for  mineral  constituents,  but  also  for  the  con- 
dimentary  purposes  mentioned  above. 

MINERAL   HUNGER. 

A  further  important  function  of  the  mineral  ingredients  of  plants 
from  the  x>oint  of  view  of  vegetable  physiology  is  manifested  in  the 
fiact  that  a  certain  bulk  quantity  of  mineral  matter  is  essential  to  the 
production  of  organic  matter.  In  general  this  quantity  is  not  less  than 
2  per  cent  of  the  entire  weight  of  the  i^lant.  All  kinds  of  mineral 
matter  found  in  plants  help  to  satisfy  this  mineral  hunger. 

BeJation  of  soda  and  potash. — It  has  been  claimed  by  some  that  soda 
and  potash  are  comi^lementary  in  the  composition  of  vegetable  mate- 
rials. A  study  of  the  data  of  the  analyses  of  the  ash  of  cereals  affords 
no  reason  for  believing  such  a  theory  to  be  true.  The  content  of  potash 
in  the  ash  of  the  cereals  is  reasonably  constant,  but  the  content  of 
soda  apparently  depends  on  local  conditions,  arising  doubtless  from 
the  ditierent  quantities  of  common  salt  and  other  sodium  compounds 
present  in  the  soil.  There  is  no  observed  regularity  in  the  relations 
existing  between  the  soda  and  the  potash  in  the  ash  of  cereals.  Some- 
times a  high  content  of  soda  is  associated  with  a  high  content  of 
potash,  and  vice  versa.  The  great  variation  in  the  content  of  soda 
is  revealed  by  an  inspection  of  the  table  on  page  1212.  As  has  been 
previously  stated,  herbivorous  animals  re(iuire  more  soda  than  is  nor- 
mally contained  in  their  food. 

The  ash  of  (cheats. — In  all  cases  in  the  preceding  table  the  data  given 
are  calculated  for  the  pure  ash.  By  the  term  pure  ash  is  meant  in  each 
case  the  crude  ash  as  obtained  on  combustion  free  of  carbon  dioxid, 
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carbon,  aud  sand.  lu  the  asli  of  wheats  we  have  quite  a  constant  con- 
tent of  x)hosphoric  acid.  In  the  samples  of  the  ash  of  Canadian  wheat 
the  content  of  phosphoric  acid  is  nearly  47  per  cent,  while  tlie  mean 
of  the  analyses  given  by  Wolff  for  spring'  wheat  is  nearly  47  per  cent 
and  for  winter  wheat  a  little  over  48|  per  cent.  A  remarkable  varia- 
tion in  the  composition  of  the  ash  of  wheats  is  shown  in  the  sample  from 
Argentina,  where  the  potash  was  remarkably  low  and  the  phosphoric 
acid  remarkably  high.  An  ash  of  such  a  composition  as  this  would  be 
remarkabl}^  acid  in  its  properties.  In  respect  to  potash  the  data  are 
also  quite  uniform,  with  the  exception  of  the  sample  from  Argentina, 
which  ai)parently  is  abnormal  in  its  ash  constituents. 

In  lime  are  found  considerable  variations.  Magnesia  is  present  in 
the  ash  of  wheat  in  about  four  times  as  great  an  amount  as  lime. 
Magnesia  is  not  regarded  as  an  essential  fertilizing  material,  but  it  is 
in  one  sense  a  nutrient.  Its  presence  in  such  constantly  large  quanti- 
ties can  not  be  regarded  as  a  mere  incident  of  environment.  It  is 
probable,  therefore,  that  its  value  as  a  plant  constituent  has  been  under- 
estimated, aud  that  it  acts  in  plant  growth  in  much  the  same  manner 
as  lime  itself. 

The  low  content  of  sulphuric  acid  in  the  samples  from  Canada  and 
Argentina  doubtless  arose  from  a  loss  of  the  sulphur  during  ignition. 

The  ash  of  rye. — The  content  of  phosphoric  acid  in  the  ash  of  rye  is 
somewhat  less  than  in  that  of  wheat.  In  no  case  does  the  content  of 
phosphoric  acid  in  the  rye  ashes  analyzed  in  this  division  reach  the 
mean  given  by  Koenig.  In  respect  of  phosphoric  acid  it  is  seen  that 
the  ash  in  the  samples  from  Minnesota  and  from  Brazil  is  below  Wolft's 
mean,  while  the  ash  from  other  parts  of  the  United  States  shows  a 
content  of  potash  considerably  greater  than  that  mean.  Lime  in  our 
analyses  is  higher  than  in  wheat,  and  magnesia  about  the  same. 

The  ash  of  barley. — On  account  of  the  barley  being  ground  with  the 
hulls  a  marked  contrast  in  the  constitution  of  the  ash  with  that  of  wheat 
and  rye  is  observed,  namely,  in  the  increase  in  the  percentage  of  silica. 
This  increase  naturally  would  diminish  the  percentage  of  the  other  con- 
stituents, and  both  the  phosphoric  acid  and  the  potash  suffer  a  severe 
decline  as  compared  with  the  two  preceding  classes.  The  lime  and  the 
magnesia  are  also  less  in  quantity. 

The  ash  of  oats. — The  oats  examined  were  also  ground  with  the  hulls, 
and  thus  show  a  heavy  percentage  of  silica  in  the  ash,  and  a  corre- 
sponding depression  in  the  content  of  phosphoric  acid,  potash,  and 
other  mineral  constituents,  although  in  the  case  of  lime  the  quantity  is 
almost  the  same  as  that  in  the  ashes  of  wheat  and  rye. 

The  ash  of  maize. — There  are  several  important  i)oints  to  be  considered 
in  a  study  of  the  data  pertaining  to  the  maize  ash.  In  the  first  place, 
it  is  seen  that  this  ash  is  almost  entirely  free  of  silica.  Of  all  the  cereals 
maize  ash  has  the  least  proportion  of  silica.  The  content  of  phosphoric 
acid  and  of  potash  is  practicallj''  the  same  as  that  in  wheat.    The  con- 
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tent  of  liine  is  less  than  that  of  wheat,  and  tlie  content  of  magnesia 
greater.  There  is  a  greater  (lis]iroportion  between  the  content  of  lime 
and  magnesia  in  the  ash  of  maize  than  in  that  of  any  otlier  of  tlie 
cereals.  The  deticiency  of  silica  in  the  ash  of  maize  appears  to  be  sup- 
plied by  the  magnesia  and  not  by  the  lime. 

The  ash  of  rice. — The  ash  of  rice  is  in  sharp  contrast  with  that  of 
maize  in  resi)ect  of  its  content  of  silica.  Even  the  polished  rices  have 
a  very  high  content  of  silica,  which  gives  rise  to  the  suspicion  that  the 
polishing  may  be  done  with  a  quartz  jiowder  or  some  similar  material 
which  remains  to  some  extent  adherent  to  the  rice  grains.  The  content 
of  phosphoric  acid  and  T)otash  in  the  ash  of  rice  is  not  grcatl}^  different 
from  that  of  other  standard  cereals. 

The  ash  ofhurJcirheaf. — There  is  a  marked  discrepancy  between  the 
analj^tical  data  obtained  in  this  division  and  those  given  by  Wolti, 
especially  in  the  content  of  silica  and  phosphoric  acid.  The  two  sets 
of  data  are  not  comparable.  This  may  have  arisen  from  differences  in 
the  analytical  methods,  or  from  actual  difference  in  the  constitution  of 
the  samples  examined. 
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GRINDING  OF  CEREALS. 

Before  using  the  cereals  for  food  they  arc.  as  a  rule,  reduced  to  a  fine 
powder  called  flour  or  meal.  In  common  language  the  term  meal  is 
usually  applied  to  the  coarser  grotind  or  unbolted  mill  products  of 
cereals,  while  the  term  flour  is  reserved  for  the  fine-ground,  bolted  prod- 
ucts. The  operation  of  grinding  may  vary  from  the  simple  process  of 
crushing  the  material  to  a  fine  powder,  forming  a  single  product,  to  the 
elaborate  processes  of  modern  milling,  in  which  a  cereal,  for  example 
wheat,  is  separated  into  a  large  number  of  products  of  different  phys- 
ical properties  and  varying  chemical  composition.  The  simplest  form 
of  milling  is  that  process  by  which  the  cereal  as  a  whole  is  reduced  to  a 
fine  powder. 

THE    3IILLTXG    OF   WHEAT. 

Until  within  25  years  wheat  was  ground  chiefly  between  stones  and 
the  resulting  product  was  passed  through  bolting  cloths  of  different 
degrees  of  fineness,  by  which  the  ground  material  was  separated  into 
two  or  three  grades,  the  outer  covering  of  the  cereal  forming  the  brau 
and  the  interior  portions  being  separated  into  flour,  shorts,  and 
middlings. 

The  Roller  Pkocess. 

The  introduction  of  the  roller  process  of  milling  has  permitted  a  more 
perfect  separation  of  the  different  parts  of  the  wheat  and  the  practi- 
cally entire  separation  of  the  bran  and  germ  from  the  starchy  products 
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of  the  grain.  The  starchy  portions,  moreover,  are  separated  into  flours 
of  different  degrees  of  nutritive  value  and  different  properties  for 
baking  purposes.  Of  all  the  cereals  wheat  is  the  one  which  is  sub- 
jected to  the  most  elaborate  processes  of  milling.  In  the  case  of  Indian 
corn,  rye,  oats,  buckwheat,  and  other  cereals,  the  milling  i^rocesses 
are  not  so  elaborate  and  the  kinds  of  materials  produced  much  less 
numerous  than  in  the  case  of  wheat.  In  the  high-grade  modern  milling 
of  wheat  the  whole  number  of  products  which  are  formed  from  the 
time  the  wheat  enters  the  mill  until  the  finished  products  are  oftered 
for  sale  is  from  80  to  100.  Of  course  it  is  understood  that  these  prod- 
ucts are  not  all  placed  upon  the  market  for  sale,  but  they  are  prod- 
ucts from  which  succeeding  x^roducts  are  made.  An  interesting  study 
of  the  modern  milling  i)rocess  was  made  some  years  ago  in  this  Divi- 
sion, under  the  supervision  of  Mr.  Clifford  Eichardson,  and  the  various 
products  of  roller  milling  of  wheat  were  subjected  to  separate  chemical 
examinations.  Inasmuch  as  the  bulletin  containing  this  information 
is  entirely  out  of  print  it  is  advisable  to  reproduce  the  data  relating  to 
the  milling  products.  Preliminary  to  a  description  of  the  several  prod- 
ucts a  general  description  of  the  process  of  roller  milling  is  desirable. 

STRUCTURE    OF   WHEAT   GRAIN. 

An  examination  of  the  structure  of  the  grain  will  enable  us  to 
understand  the  difficulties  to  be  met  in  the  chemical  examination  and 
milling,  and  the  wa^^  in  which  the  diflcrent  products  which  have  been 
analyzed  are  obtained. 

If  a  blade  of  wheat  were  much  thickened  and  the  two  halves  folded 
back  upon  themselves  a  transverse  section  of  it  would  represent  a 
similar  section  of  the  grain — that  is  to  say,  the  two  lobes  would  meet, 
forming  what  is  known  in  the  grain  as  the  crease,  within  which  would 
be  inclosed  and  hidden  a  portion  of  the  outer  covering.  This  explains 
how  difficult  it  is  in  preparing  the  wheat  for  milling  to  remove  all  the 
foreign  matter  which  this  ciease  contains.  On  the  exterior  of  the  grain 
there  is  found  toward  one  end  a  collection  of  hairs,  and  at  the  other 
end  appears  the  embryo,  or  germ.  A  longitudinal  section  shows  both 
of  these  undesirable  additions  to  the  floury  matter  of  the  grain.  Aside 
from  its  exterior  appearance  the  wheat  grain  is  essentially  an  embryo, 
composed  of  the  germ,  together  with  a  su[)i)ly  of  food,  and  the  endo- 
sperm, or  floury  matter,  surrounded  by  several  membranes  or  coats  of 
greater  or  less  importance.  On  the  exterior  is  the  first  membrane  or 
cuticle,  a  very  thin  coating,  easily  removed  by  rubbing.  Next  follows 
a  more  important,  because  thicker,  portion  of  the  outer  covering,  con- 
sisting of  two  layers  of  cellular  tissue,  the  epicarp  and  endocarp. 
These  three  membranes  together  form  the  outer  covering  of  the  grain, 
and  from  one  of  them,  the  ei^icarx),  spring  the  hairs  which  are  found 
on  one  end.  These  envelopes  are  colorless  and  very  light,  constitut- 
ing only  from  3  to  3^  per  cent  of  the  whole,  and  are  more  or  less  easily 
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removed  by  friction.  From  an  examination  of  a  section  of  the  grain 
it  is  seen  that  within  the  crease  this  removal  is  of  course  impossible; 
so  that  while  the  preparation  of  the  wheat  for  milling  may  remove  the 
hairs  and  much  of  the  caticle  and  dirt  it  can  not  completely  free  it 
from  them.  It  is  this  inherent  difficulty  that  the  roller  mills  attempt 
to  overcome  by  splitting  the  grain  along  the  crease  and  afterwards 
cleaning  it  with  brushes. 

Under  these  outer  coverings  are  three  membranes,  known  as  the 
testa  or  episperm,  the  tegmen.  and  the  embryous  envelope.  The  testa 
is  a  compact  structure,  and  carries  the  coloring  matter  of  the  bran. 
The  tegmen  is  an  extremely  thin  membrane  not  easily  seen  except 
where  i-t  becomes  thickened  just  under  the  testa  in  the  heart  of  tlie 
crease.  It  is  not  of  importance  from  a  milling  i^oint  of  view.  The 
testa  and  tegmen  form  about  2  per  cent  of  the  grain. 

The  embryous  membrane  is  a  continuation  of  the  embryo  around  the 
endosperm  or  floury  portion  of  the  grain.  It  is  composed  of  cells 
which  are  often  erroneously  termed  gluten  cells,  but  the  true  gluten 
cells  are  scattered  through  the  endosperm.  The  cells  of  the  embryous 
membrane  contain  little  or  no  gluten,  and  as  they  are  a  continuation 
of  the  embryo  it  must  be  nearly  as  undesirable  to  allow  them  in  the 
finished  flour  as  to  allow  the  germ  itself. 

The  endosperm  is  by  far  the  largest  portion  of  the  grain,  and  it  is 
that  part  which  it  is  the  object  of  all  milling  processes  to  separate  from 
the  rest  of  the  wheat  and  grind  to  flour. 

It  consists  of  large  cells  containing  the  granules  of  starch  and  the 
gluten.  At  the  exterior,  nearer  the  embryous  membrane,  it  is  much 
harder  than  in  the  center  and  contains  much  more  gluten.  In  all 
methods  of  gradual  reduction,  therefore,  the  center  is  of  course  reduced 
first,  and,  being  very  starchy,  is  only  fit  for  a  low-grade  flour,  while 
the  richest  part  of  the  endosperm,  being  harder  and  closely  attached 
to  the  tough  bran  coats,  is  to  a  certain  extent  lost,  or  so  mixed  with 
small  pieces  of  the  bran  as  to  injure  the  color  of  the  flour,  furnishing 
what  is  known  as  bakers'  grades. 

CHANGE    IN    MILLING    PROCESSES. 

By  the  old-fashioned  low-milling  process,  or  grinding  between  stones 
placed  very  close  together  and  afterwards  bolting  the  product,  it  was 
impossible  to  obtain  a  flour  entirely  free  from  deterioration.  The  ad- 
vance to  high  milling  with  stones  far  apart,  allowing  the  middlings 
which  were  produced  to  be  purified  before  grinding  to  flour,  was  a  stej) 
which  made  it  possible  to  make  from  winter  wheat  an  excellent  and 
pure  flour.  When,  however,  spring  wheat  with  its  hard  and  brittle 
outer  coats  became  important  commercially,  it  was  necessary  to  resort 
to  the  roller  methods  of  milling,  which,  in  conjunction  with  peculiar  puri- 
fying machinery,  furnishes  a  flour  free  from  all  undesirable  impurities. 
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DESCKIPTION   OF   THE   DIFFERENT   MILL   PRODUCTS   OF   WHEAT. 

1.  Wheat  as  it  enters  the  mill. — The  whole  wheat  grain  mixed  with 
cockle,  oats,  and  other  foreign  seed,  as  it  comes  from  the  thrasher. 

2.  Wheat  prepared  for  the  rolls. — The  foreign  seeds  have  been  removed, 
with  the  exception  of  a  few  grains  of  cockle  and  oats.  The  cockle  is 
therefore  to  be  found  in  subsequent  parts  of  the  process,  The  hairs 
have  heen  largely  rubbed  off,  together  with  portions  of  the  cuticle. 
Some  hairs  are,  however,  still  left,  and  i^ortions  of  the  cuticle  remain 
attached  and  semidetached,  especially  toward  the  crease.  The  grain 
as  a  whole  presents  a  changed  and  much  cleaner  aj^pearance. 

3.  Coclde  and  screenings. — Among  the  impurities  there  are  found 
principally  cockle,  a  species  of  polygonum,  and  oats,  together  with 
broken  pieces  of  wheat,  dn^t,  chaft",  etc. 

4.  Scourings  removed  hy  cleaners. — These  consist  almost  entirely  of 
cuticle  and  hairs,  but  portions  of  epicarp  with  the  hairs  still  adherent 
and  of  endocarp  are  present.  Treatment  with  iodine  reveals  a  small 
amount  of  endosperm  or  starch,  and  shows  that  the  inner  part  of  the 
outer  coats  of  the  grain  are  the  most  highly  nitrogenous.  The  contrast 
between  the  embryous  membrane  and  endocarp  and  tlie  epicarp  and 
cuticle  is  i^rominent.  The  embryous  membrane  is  recognized  by  its 
roundish  cells;  the  endocarp  by  its  transverse  cells,  twice  as  long  as 
broad  and  packed  closely  and  regularly,  like  cigars,  which  has  given  it 
the  name  of  cigar  coat;  and  the  epicarp  by  its  very  long  and  irregular 
cells  arranged  longitudinally,  the  cuticle  being  of  a  similar  sort. 

5.  First  break. — The  grain  is  split  along  the  crease  normally  into  two 
halves,  but  also  frequently  into  fours,  or  even  more  irregularly.  The 
glistening,  hard,  floury  endosperm  makes  its  appearance  for  the. first 
time.     Comparatively  little  flour  or  dust  is  made. 

6.  Chop  from  first  hreal: — This  consists  principally  of  endosperm,  but 
small  i)ortions  of  bran  and  germ  are  x>i'esent,  the  former  including  the 
various  outer  coats. 

7.  Second  break. — In  this  break  the  greater  part  of  the  endosperm  is 
separated  from  the  bran  and  is  seen  as  large,  well-shaped  middlings, 
together,  of  course,  with  some  small  stuff  and  dust. 

8.  Chop  from  second  break. -^This  is  chiefly  endosperm,  with  somewhat 
less  bran  than  the  previous  chop.  Whole  chops  and  parts  are  numer- 
ous. The  endosperm  is  of  all  sizes,  but  the  greater  portion  is  of  large 
angular  fragments.  The  bran  includes  portions  of  all  the  outer  cover- 
ings, while  dusty  matter  and  starch  grains  are  quite  abundant. 

9.  Third  break.^The  endosperm  is  so  completely  separated  in  this 
break  that  it  only  remains  in  scattered  patches  upon  the  bran,  and  the 
embryous  membrane  is  quite  visible. 

10.  Chop  from  third  break.-^The  middlings  or  particles  of  endosperm 
are  much  finer,  and  there  is  more  dust.  Small  portions  of  germ  are 
plentiful.  The  branny  particles  are  similar  in  nature  to  those  in  the 
chop  from  second  break,  but  smaller,  and  there  is  more  dust  of  a  nitrog- 
enous kind. 
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11.  Fourth  hrealx. — Only  to  be  distinguished  from  Xo.  9  by  tlio  slightly 
cleaner  bran. 

1-?.  Chojj  from  fourth  breali;. — Not  very  diHerent  in  api)earance  from 
10,  except  that  it  is  composed  of  more  finely  divided  particles. 

13.  Fifth  hreali. — Still  cleaner  bran  than  11.  It  still  holds  a  very 
appreciable  portion  of  endosperm. 

14.  Chop  from  fifth  hreal'. — Tliis  chop  contains  a  great  deal  of  branny 
matter,  including  pieces  of  epicarp,  endocarp,  and  embryous  membrane. 
The  endosperm  is  very  fine  and  much  mixed  with  germ.  Of  course  in 
all  these  ])roducts  portions  of  the  testa  and  tegmen  are  present,  but 
they  are  not  easily  seen  except  in  careful  preparations. 

15.  Sixth  hreali. — Barely  distinguishable  from  bran. 

IG.  Chop  from  sixth  hreal: — Very  largely  made  up  of  small  pieces  of 
branny  material  and  germs.  The  endosperm  which  is  present  is  \ery 
fine. 

17.  Bran. — This  is  composed  practically  of  epicarp,  endocarp,  and 
embryous  membrane,  the  cells  of  the  latter  having  been  very  little 
disturbed.  There  is  still  a  little  cuticle  and  endosperm  left,  but  they 
have  mostly  disappeared  in  previous  operations. 

18.  Shorts. — These  are  made  up  of  all  the  different  i^arts  of  the  grain 
in  rather  a  finely  ground  condition,  some  of  the  branny  particles  having 
endosperm  still  adherent  to  them. 

19.  Middlings,  uucleaned^  No.  1. — These  are  the  largest  sized  middlings, 
and  consist  of  themselves  in  clean,  angular  fragments  of  endosperm, 
but  they  are  mixed  with  considerable  shorts  and  many  whole  and 
broken  germs.  They  are  the  most  impure  of  the  fiv^e,  and  an  analysis 
will  show  this  fact. 

20.  Middlings  J  uncleaned,  No.  2. — All  the  particles  are  finer  than  in 
the  previous  middlings  and  less  germ  and  bran  is  present,  which  will 
IDroduce  a  corresponding  change  in  their  chemical  composition. 

21.  Middlings^  uncleaned,  No.  3. — Still  finer  than  Xo.  2  and  less  bran 
and  germ. 

22.  Middlings,  uncleaned^  No.  4. — Finer  than  Xo.  3  and  less  bran  and 
germ. 

23.  Middlings,  uncleaned,  No.  5. — The  finest  of  all  the  middlings,  with 
almost  no  bran  and  germ.     The  effect  of  cleaning  will  be  small. 

24.  Middlings,  cleaned,  No.  1. — Many  of  the  lighter  particles  of  bran 
removed,  but  there  is  much  remaining,  as  well  as  of  the  germ. 

25.  Middlings,  cleaned,  No.  j2. — The  bran  is  to  a  large  degree  removed 
in  cleaning  these  middlings,  but  the  germ,  of  course,  remains. 

20.  Middlings,  cleaned,  No.  3. — The  bran  is  almost  all  gone. 

27.  Middlings,  cleaned,  No.  4. — These  middlings  are  practically  quite 
clean  and  pure  endosperm — only  here  and  there  a  particle  of  bran  or 
germ. 

28.  Middlings,  cleaned,  No.  5. — Quite  clean  and  very  small  in  size. 

29.  First  middlings,  reduction  on  smooth  rolls. — The  germ  is  Hattened 
and  the  endosperm  reduced  in  size. 
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30.  Cliop  from  first  reduction  of  middlings. — This  sample  appears  to 
be  misiilaced,  as  it  coDtains  much  bran  and  germ. 

31.  Second  middlings,  reduction  on  smooth  rolls. — A  samjile  of  tbis 
reduction  was  not  furnished. 

32.  Chop  from  second  reduction  of  middlings. — This  chop  contains  a 
few  particles  of  bran  and  germ. 

33.  Third  middlings,  reduction  on  smooth  rolls. — The  germ  is  promi- 
nent in  its  flattened  condition. 

34.  Chop  from  third  reduction  of  middlings. — The  bran  and  germ  have 
been  almost  entirely  removed. 

35.  Fourth  middlings,  reduction  on  smooth  rolls. — Like  the  middlings 
themselves,  merely  reduced  in  size. 

3G.  Chop  from  fourth  reduction  of  middlings. — Here  and  there  a  small 
particle  of  bran  is  seen. 

37.  Fifth  middlings,  reduction  on  smooth  rolls. — Eesembles,  of  course, 
the  middlings  cleaned,  Ko.  5. 

38.  Chop  from  fifth  reduction  of  middlings. — This  is  not  as  white  as 
the  chop  from  the  fourth  reduction,  as  it  contains  bran  and  germ  in 
small  quantities. 

39.  Flour  from  the  first  reduction. — The  grains  of  endosperm  are  clean 
and  sharp. 

40.  Flour  from  the  second  reduction. — The  grains  are  not  as  sharp  as 
those  from  the  first  reduction. 

41.  Flour  from  the  third  reduction. — Very  much  like  the  flour  from 
the  second  reduction,  but  perhaps  a  little  lumpier. 

42.  Flour  from  the  fourth  reduction. — More  coherent  and  yellower 
than  x)revious  flours. 

43.  Flour  from  the  fifth  reduction. — There  is  no  specimen  of  this  flour. 

44.  Tailings  from  middlings,  purifier  Xo.  1. — These  tailings  are  coarse. 
They  contain  much  bran,  mixed  with  germ,  and  a  considerable  amount 
of  large  middlings. 

45.  Tailings  from  middlings,  purifier  Nos.  2,3,  and  4. — ]\luch  finer  than 
the  previous  tailings  and  freer  from  germ  and  endosperm. 

46.  Tailings  from  middlings,  purifier  No.  6. — Largely  composed  of  fine 
endosperm,  mixed  with  bran  and  germ. 

47.  Tailings  from  the  first  reduction. — These  are  made  up  of  about 
equal  parts  of  fine  endosperm,  and  of  bran  and  germ. 

48.  Tailings  from  the  second  reduction. — These  are  finer  than  the  first 
tailings,  and  contain  more  germ.  Tliere  are  also  present  pieces  of 
endosperm,  flattened  like  the  germ. 

49.  Tailings  from  third  reduction.- -^tiW  finer,  with  much  flattened 
endosperm,  and  less  grain  and  bran. 

50.  Tailings  from  fourth  reduction, — Very  finely  divided  and  flattened 
endosperm,  with  only  about  10  jier  cent  of  bran  and  germ.  This  should 
be  very  evident  in  the  analysis. 

51.  Tailings  from  fifth  reduction. — Coarser  than  the  fourth  tailings, 
and  like  the  third  in  quality. 
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52.  Repnrified  middlings. — Coarse  pieces  of  eudosperm.  \ritli  much 
bran  and  germ. 

bid.  Bakers'  flour. — Slightly  yellow  in  color.  The  grains  lack  distinct- 
ness, making  the  flour  lumi^y. 

57.  Patent  flour. — A  clear  white  grain. 

58.,  Loic-[/rade  flour.— The  grain  is  soft  and  the  flour  dark  and  lumpy. 
Particles  of  bran  and  germ  are  i^rominent. 

59.  Break  flour. — Physically  like  the  bakers'  grade  in  appearance,  but 
particles  of  bran  and  germ  are  present,  making  it  of  less  value. 

60.  Stone  flour. — This  flour  is  white,  of  a  fair  grain,  with  a  very  little 
bran. 

02.  Flour  from  flrst  tailings. — A  very  good,  free, grain,  but  a  little 
branny. 

63.  Flour  from  third  tailings. — A  free  grain,  but  quite  branny  and 
yellow. 

64.  Flour  from  second  tailings. — This  flour  resembles  that  from  the 
first  tailings,  but  contains  more  bran  and  is  yellower. 

70.  First  germ. — This  is  made  u})  of  the  finest  particles  of  germ  and 
contains  the  largest  proportion  of  middlings  and  bran. 

71.  Second  germ. — The  largest  particles  of  germ,  with  little  bran  and 
endosperm. 

72.  Third  germ. — A  medium  between  the  two  former. 

74.  Bran-duster  flour. — This  is  black  in  color,  and  lumpy.  It  has 
little  grain  and  a  small  portion  of  bran. 

77.  Stone  stock  So.  2. — A  good  middling,  with  a  little  bran  and  germ. 

78.  Stone  stock  No.  3. — This  is  not  as  good  as  Xo.  2,  and  holds  more 
bran  and  germ. 

83.  Tailings  from  sixth  break. — This  is  made  up  of  about  half  barlej'- 
shai:)ed  and  flattened  pieces  of  endosperm,  the  rest  being  bran,  with  a 
little  germ. 

81.  Tailings  from  flrst  coitrifugal  reel. — Largely  flattened  endosperm  j 
the  rest  germ,  with  a  little  bran. 

85.  Tailings  from  second  centrifugal  reel. — These  are  largel}'  bran  and 
flattened  endosperm  with  a  little  germ. 

86.  Tail  end  of  the  tailings. — As  would  be  expected,  almost  entirely 
bran,  with  a  little  adherent  endosperm  and  a  small  amount  of  germ. 
The  embrj'ous  membrane  is  still  in  place  j  in  fact,  during  the  whole  proc- 
ess there  is  very  little  of  it  removed  from  the  bran,  and  were  it  the 
chief  source  of  gluten  there  would  be  very  little  in  any  of  the  products. 
This,  however,  is  not  the  case.  It  contains  little  or  no  gluten,  being 
merely  a  continuation  of  the  germ  and  having  a  similar  composition. 

87.  Dust  from  No.  1  middlings. — This  is  mostly  cuticle,  epicarp.  and 
hairs,  with  smaller  amounts  of  the  more  interior  parts  of  the  grain. 

88.  Dust  from  the  dust-catcher. — This  is  all  light,  flufty  matter,  and  is 
made  up  of  small  particles  from  all  parts  of  the  grain. 
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Analyses  of  the  products  of  roller  milling. 


Name. 

Mois- 
ture. 

Ash. 

Ether 
ex- 
tract. 

1 

Pro-    ! 
teids. 
NX  6.25. 

Nitro- 
gen. 

Phos- 
phoric 
acid. 

Ratio 

of 
nitro- 
gen to 
phos- 

Gluten. 

Carbo- 

1 
Moist.  1  Dry. 

1 

1 

phoric 
acid. 

t 

1 

"Wheat  as  it  enters 

P.ct. 

P.ct. 

P.ct. 

■ 

P.  ct.  \  p.  ct. 

P.  ct.      P.  ct. 

P.ct. 

P.ct. 

P.ct. 

P.ct. 

the  mill 

9.66 

1.91 

2.61 

69.94  1  1.70 

14.18  i  2.27 

0.82 

2.77 

Not  deter. 

2 

Wheat    prepared  j             ! 

for  the  rolls 

9.07 

1.79 

2.74 

70.37 

1.68 

14.35 

2.30 

0.82 

2.80 

32.31 

11.88 

3 

Cockle  and  screen- 

ings   

9.03 

2.65 

4.32 

66.12 

4.23 

13.65 

2.18 

0.78 

2.80 

Not  deter. 

4 

Scourings  removed 

by  cleaners 

9.27 

3.68 

3.73 

70.19 

1.58 

11.55     1.85  1 

0.76 

2.43 

Not  deter. 

5 

Pir  St  break....... 

8.23 

1.73 

2.68 

71.56 

1.62 

14.18 

2.27 

0.91 

2.49 

31.92 

11.  6» 

6 

Chop  from  first 

break 

12.52 
8.37 

0.88 
2.04 

2.08 
2.47 

70.44 
71.47 

1.13 
1.65 

12.95 
14.00 

2.07 
2.24 

0.46 
0.98 

4.50 
2.29 

34.10 
32.78 

12.27 

7 

Second  break 

11.80 

8 

Chop  from  second 

break 

12.78 

0.57 

1.68 

71.82 

0.55 

12.60 

2.04 

0.34 

5.94 

36.88 

12.  5& 

9 

Third  break |    9.92 

2.55 

5.25 

65.10 

2.13 

15.05 

2.41 

1.33 

1.81 

32.09 

12.04 

10 

Chop  from   third 

break 

12.70 

0.78 

1.86 

71.10 

0.78 

12.78 

2.04 

0.42 

4.86 

37.19 

13.00 

11 

Fourth  break 

8.18 

3.30 

4.09 

66.20 

3.00 

15.23 

2.44 

1.44 

1.07 

27.88 

10.54 

12 

Chop  from  fourth 

break 

12.35 

1.47 

2.87 

67.90 

1.23 

14.18 

2.27 

0.75 

5.05 

30.52 

11.64 

13 

Fifth  break 

7.62 

5.16 

4.91 

61.76 

4.80 

15.75 

2.52 

2.58 

0.98 

Not  deter. 

14 

Chop    from    fifth 

break 

11.91 

1.99 

4.16 

64.46 

1.73 

15.75 

2.52 

1.01 

2.49 

27.97 

11.82 

15 

Sixth  break... 

7.66 

5.68 

5.34 

59.42 

5.60 

16.28 

2.60 

2.95 

0.81 

Not  deter. 

16 

Chop  from  sixth 

break 

11.84 

3.29 

4.92 

59.09 

3.18 

17.68 

2.83 

1.66 

1.70 

24.04 

10.  6» 

17 

Bran 

10.91 

5.59 

5,03 

56.21 

5.98 

16.28 

2.60 

2.78 

0,94 

^ot  deter. 

18 

Shorts 

10.94 

3.41 

4.67 

60.28 

3.90 

16.80 

2.69 

1.62 

1.66 

Not  deter. 

Middlings  un- 

ci eaned  : 

' 

19 

Ifo.l 

12.71 
12.18 

1.27 
1.04 

2.73 
2.16 

68.78 
70.49 

1.03 
0.83 

13.48 
13.30 

2.16 
2.13 

0.64 
0.54 

3.39 
3.94 

29.68 
32.99 

10.57 

20 

Ifo.2 

11.49 

21 

No.3 

12.27 

0.70 

1.80 

71.52 

0.58 

13. 13 

2.10 

0.36 

5.83 

.''.5.  52 

12.21 

22 

No.4 

12.47 

0.68 

1.75 

70.69 

0.58 

13.83 

2.21 

0.40 

5.52 

45.62 

15.69 

23 

No.5 

Middlings  cleaned: 

12.34 

0.61 

1.75 

70.24 

0.53 

14.53 

2.32 

0.33 

7,03 

43.82 

14.86 

24 

No.l 

12.67 

1.07 

2.12 

70.16 

0.85 

13.13 

2.10 

0.59 

3.56 

34.03 

11, 1& 

25 

No.2 

9.93 

0.65 

1.90 

74.09 

0.65 

12.78 

2.04 

0.33 

6.18 

Not  deter. 

26 

Ko.3 

12.36 

0.59 

1.70 

71.67 

0.55 

13.13 

2.10 

0.24 

8.75 

44.43 

14. 99' 

27 

No.4 

12.51 

0.52 

1.77 

71.57 

0.33 

13.30 

2.13 

0.29 

7.34 

51.93 

17.85 

28 

No.5 

Middlings,  reduc- 
tion on  smooth 
rolls : 

12.35 

0.51 

1.62 

70.74 

0.43 

14.35 

2.30 

0.23 

10.00 

46.15 

14.87 

29 

First  middling 

12.64 

0.82 

2.56 

70.80 

0.58 

12.60 

2.02 

0.46 

4.39 

;  34.20 

11.57 

30 

Chop     from 
first    mid- 

! 

dling  

12.74 

0.72 

1.99 

71.72 

0.58 

12.25 

1.96 

0.40 

4.90 

32.16 

10.91 

32 

1  Chop  from  sec- 

ond middling 

12.48 

0.57 

1.68 

i  71.24 

0.38 

13.65 

2.18 

0.34 

6.41 

41.36 

13.65 

1  Second  middling  not  sent. 
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Name. 


ifois- 
ture. 


37  i 


Middlings,  reduc- 
tion on  smooth 
rolls— Cont'd. 
Third    m  i  d- 

dling 

Chop  from 
third  mid- 
dling   

Fourth    m  i  d- 

dling 

Chop  from 
fourth  mid- 
dling   

Fifth  middling 
Chop     from 
fifth  mid- 
dling   

Flour  from  reduc- ' 
tion  of  mid- 
dlings : 

^q-o.l 

Xo.2 

Xo.3 j 

No.4 i 

*  Tailings  from  mid- 
dlings purifiers : 

No.l 

Xos.  2, 3,  and  4 

Xo.6 

Tailings  from  re- 
duction : 

Xo.l j 

Xo.2 1 

Xo.3 , 

Xo.4 

Xo.  5 

Repurifled    mid-  ' 

dlings 

Finished  flour :       j 

Bakers' 

Patent | 

Low  grade  — 

Break  flour j 

Stone  flour \ 

Flour  from  tail-  ' 
ings: 

Xo.  1 

Xo.3 , 

Xo.2 j 

Cockle  chop | 


P.ct. 
12.29 


12. 73 
11.43 


11.  72 
12.21 


jEther  Carbo- 
Ash.     ex-    I    hj-- 
tract.  drates. 


Fiber, 


P.ct. 
0.61 


0.79 
0.56 


0.50 
0.65 


P.ct. 
1.86 


P.  ct. 
71.91 


P.ct. 
0.55 


Pro-    U.         Phos- 
NX 6.25.   S®°-     acid. 


P.ct.    \P.ct. 
12. 78     2. 04 


2.01  i  71.29  ;  0.58       12.60     2.02 
1. 86     73. 12     0. 43       12. 60     2. 02 


1.76  :  72.56     0.33 
2.  08  I  71. 85  j  0. 43 


11.47     0..56     2.03     72.66     0.50 


13.13 
12.78 


12.78 


2.10 
2.04 


P.ct. 
0.34 


0.43 
0.34 


0.27 
0.40 


2.04       0.37 


12.03 
12.42 
11.54 
11.58 


12.33 
11.59 
12.00 


11.78 
10.35 
11.  72 
12.09 
12.12 

11.72 

12.18 
11.48 
12.01 
12.48 
12.04 


12.  55 
12.50 
11.20 
12.45 


0.39  1.58  73.70     0.25 

0.44  j  1.66  72.55  I  0.33 

0. 38  !  1.  36  75.  24  '  0.  28 

0.40  j  1.42  72.92     0.38 


60.  06  I  3. 25 
Not  deter. 
69.10     1.10 

1 
j 

60.32  I  2.63 
59.87  I  2.08 
63.27  j  1.66 
68.47  I  0.40 
63.93  '  1.18 


3.30 

4.96 

3.09 

3.92 

0.90 

2.37 

3.26 

5.03 

3.38 

4.37 

2.35 

4.37 

0.88 
2.29 


4.16 
3.85 


2.11  3.67 


0.62 
0.39 
1.99 
0.58 
0.49 


2.00 
1.45 
3.86 
1.87 
1.61 


0.  62  2. 93 

0.  85  2. 79 

0.76  2.63 

2.  79  1  4.  34 


65.99 


1.63 

0.33 
0.18 
0.93 

.  44  I  0.  23 


73.55 
63.26 


12.05  1.93 

12.  60  j  2. 02 

11.20  I  1.79 

13.30  i  2.13 


16.10  j  2.55 
14.53  I  2.32 
14.53  !  2.32 


16.98 

2.72 

19.95 

3.19 

16.63 

2.66 

14.00 

2.24 

16.63 

2.66 

14.88 

2.38 

14.88 

2.38 

12.95 

2.07    ; 

72.85 


70.25 
70.20 
72.28 
64.01 


0.23 


17.95  j  2.74 
15.40  ;  2.46 
12.78     2.04 

I 


0.35  13.30  2.13 

0.  53  13. 13  2. 10 

0.  48  13.  65  2. 18 

3.63  .  12.78  .   2.04 


0.24 
0.24 
0.19 
0.20 


1.61 
1.39 
0.49 


1.82 
1.68 
1.34 
0.48 
1.35 

1.21 

0.31 
0.18 
1.16 
0.31 
0.27 


0.30 
0.45 
0.39 
0.06 


Ratio 

of 
nitro- 
gen to 
phos- 
phoric 
acid. 


Gluten. 


Moist.  I  Dry, 

I 


P.ct. 
6.00 


4.70 
5.94 


7.78 
5.10 


5.57 


8.04 
8.42 
9.42 
10.65 


1.60 
1.67 
4.73 


1.47 
1.90 
1.98 
4.67 
1.97 

1.98 

7.68 
11.50 
2.36 
7.94 
7.55 


P.  ct.  .  P.  ct. 
36.  70     11.  81 


34.58     11.68 
37.  00     12.  23 


42.  06     12.  32 
36.25  '  11.97 


40.  84     13.  11 


31.51  10.97 

37.04  12.07 

32.54  10.99 

37.  90  12.  52 


Not  deter. 
12.28  i    7.62 
39. 88     14. 37 


13.  04       5. 47 
Not  deter. 
Not  deter. 
35.  73     13.  34 
1.89       0.67 


28.17 

51.21 
36.14 
10.01 
51.38 
38.21 


16.97 
10.85 
4.26 
15.87 
11.74 


7. 10  39. 13     12.  85 

4.67  37.78     12.68 

5.59  43.25     13.87 

2.:  7  Xot  deter. 


Flour  from  fifth  middling  nut  sent 
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IS^ame. 

Mois- 
ture. 

Ash. 

Ether 

ex- 
tract. 

Carbo- 
hy- 
drates. 

Fiber. 

Pro- 
teids. 

Nxl.25. 

Nitro- 
gen. 

Phos- 
phoric 
acid. 

Eatio 

of 
nitro- 
gen to 
phos- 
phoric 
acid. 

Gluten. 

Moist. 

Dry. 

P.ct. 

P.  ct.   P.  ct. 

P.ct. 

P.ct. 

P.ct. 

P.ct. 

P.ct. 

p.ct. 

P.ct. 

P.ct. 

69 

Cockle  bran 

7.71 

3.46 

3.84 

65.46 

9.03 

10.50 

1.68 

0.83 

2.02 

Not  deter. 

70 

First  germ 

8.69 

3.42 

9.35 

53.28 

1.23 

24.13 

3.86 

1.83 

2.11 

Not  deter. 

71 

Second  germ 

8.75 

5.45 

15.61 

35.19 

1.75 

33.25 

5.32 

2.57 

1.98 

Not  deter. 

72     Third  germ 

7.68 

4.94    13.75 

39.25 

1.50 

32.88 

5.26 

2.56 

2.05 

Not  deter. 

74     Bran  duster  flour  . 

11.78 

1.17     2.70 

70.20 

0.50 

13.  65 

2.18 

0.66 

3.30 

.58.  59 

13.72 

Stoae  stock: 

j 

77            No.2 

12.15 

0.40 

1.64 

72.91 

0.25 

13.65 

2.18 

0.19 

11.58 

47.55 

15.32 

78  '          No.S 

12.01 

0.55 

2.12 

71.76 

0.43 

13.13 

2.10 

0.28 

7.50 

46.39 

15. 15 

Tailings: 

83 

From    sixth 

1 

break 

11.64 

2.29 

4.  06     64.  31 

1.95 

15.75 

2.52 

1.23 

2.05 

16.45 

6.17 

84 

From  first  cen- 

trifugal reel. 

11.42 

2.15 

3.44 

66.56 

1.20 

15.23 

2.44 

0.98 

2.49 

6.58 

2.39 

85 

From  second 
centrifugal 

reel 

11.07 

2.85 

4.73 

61.82 

2.20 

17.33 

2.79 

1.47 

1.88 

Not  d«'+'''^ 

86 

Tail   end   of  the 

tailings 

11.36 

3.87 

5.23 

Not  deter. 

15.75 

2.52 

1.75 

1.44 

10.74 

4.41 

87 

Dust  from  Ifo.  1 

middlings 

11.03 

1.83 

2.73 

64.86 

5.20 

14.35 

2.30 

0.55 

4.18 

25.78 

10.31 

88 

Dust    from    dust 

i 

catcher  .^ 

11.53 

1.17 

2. 64     69.  01 

1.65 

14.00 

2.24 

0.55 

4.07 

35.05 

13.00 

NOTES   OX  THE   ANALYSES. 

The  foregoing  analyses  of  the  various  products  of  roller  milling  afford 
data  for  a  careful  study  of  the  changes  which  take  i)lace  at  different 
stages  of  manufacture.  These  changes  have  been  discussed  by  Mr. 
Eichardson  in  Bulletin  No.  4  of  this  division,  and  his  notes  thereon 
follow : 

The  wheat  as  it  enters  the  mill  is  subjected  to  a  series  of  operations 
which  removes  dirt,  foreign  seed,  the  fuzz  at  the  end  of  the  berry,  and 
a  certain  portion  of  the  outer  coats,  through  the  agency  of  a  run  of 
stones  and  brushes.  The  result  of  this  operation  is  to  lower  the  amount 
of  inorganic  matter  or  ash  and  to  increase  or  decrease  the  other  con- 
stituents but  slightly,  the  proteids  being  a  few  tenths  of  a  per  cent 
greater  in  amount.  The  point  from  which  a  convenient  start  may  be 
made  is  at  the  first  break. 

The  chop  from  the  first  rolls  is  very  marked  in  its  difference  in  compo- 
sition from  the  original  wheat.  It  of  course  has  less  fiber,  and  also,  it 
is  seen,  less  ash,  oil,  and  albuminoids;  in  fact,  it  is  starchy.  It  contains 
more  moisture,  owing  to  the  fact  that  its  comminution  has  allowed  it 
to  absorb  the  moisture  from  the  air,  and  in  general  it  will  be  observed 
that  the  coarser  or  more  fibrous  a  specimen  is  the  less  water  it  contains. 
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while  the  finer  material  holds  more.     For  example,  the  percentages  of 
moisture  in  several  portions  of  the  grain  are  as  follows: 

Per  cent. 

Original  grain • 9:  66 

Ready  for  the  break 8. 23 

Chop  from  first  break 15.  .52 

Fifth  break 7.62 

Bran 10.  91 

The  heat  caused  by  the  friction  of  the  process,  of  course,  is  an  active 
agent,  as  may  be  seen  on  comparing  the  original  grain  and  that  ready 
for  the  break.  The  question  of  the  relation  of  the  various  products  to 
humidity  is,  however,  considered  in  greater  detail  in  another  portion  of 
this  bulletin. 

The  starchy  chop  from  the  first  break  is  carried  off  to  the  various 
purifying  and  grading  machines,  but  for  the  present  it  will  be  left,  as 
it  is  desirable  to  follow  the  breaks  to  the  end. 

The  tailings  from  the  first  scalper,  consisting  of  the  -wheat  grain 
split  open  along  the  crease,  which  serve  to  feed  the  second  break  after 
the  cleaning  which  they  undergo,  vary  but  little  from  the  wheat  which 
goes  to  the  first  break.  There  are  slight  differences  which  must  be 
attributed  to  the  difiiculty  of  selecting  and  preparing  for  analyses  sam- 
ples of  the  product  of  the  different  breaks,  the  finer  chop  having  a 
tendency  to  sift  out  from  the  lighter  bran,  but  they  are  not  great  enough 
to  vitiate  the  conclusions.  In  the  first  break  so  little  is  done,  except 
to  crack  open  the  wheat  and  clean  it  for  the  following  rolls,  that  only  a 
small  change  should  be  exi^ected. 

The  chop  from  the  second  break  is  more  from  the  center  of  the 
wheat  gTain.  It  contains  less  ash,  fat,  and  proteids  than  any  of  the 
break  products,  and  includes,  as  was  shown  by  our  preliminary  inves- 
tigation, the  greater  portion  of  the  endosperm. 

The  tailings  supplying  the  third  break  already  show,  owing  to  the 
greater  amount  of  chop  x:)roduced  on  the  second  break,  a  marked 
increase  in  those  constituents  which  are  peculiar  to  the  outer  portions 
of  the  grain;  that  is  to  say.  there  has  been  a  marked  increase  in  ash, 
fiber,  and  proteids.  This  increase  becomes  still  more  apparent  from 
break  to  break  until  the  bran  alone  is  left,  which  contains  more  ash 
and  fiber  than  any  other  product  of  the  wheat.  The  several  chops 
increase  in  a  like  manner,  the  last  or  sixth  break  chop  holding  more 
proteids  than  the  bran,  and  even  any  other  of  the  resulting  material. 
This  is  probably  due  to  the  comminution  of  the  bran  in  the  last  break; 
and  consequently,  as  will  be  seen,  the  middlings  from  this  chop  are 
richer  in  nitrogen  than  any  other,  although  not  the  richest  in  gluten, 
owing  to  the  proportion  of  bran  and  germ  which  they  contain. 

Having  followed  the  grain  through  the  breaks  to  the  bran,  the  prod- 
ucts of  the  purification  of  the  chop  renmin  to  be  studied. 

The  shorts,  or  branny  x^articles  removed  from  the  chop  or  from  the 
middlings  by  aspirators,  contains  much  less  fiber  and  ash  than  the  bran, 
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although  it  is  of  similar  origin;  that  is  to  say,  derived  from  the  outer 
coats  of  the  grain.  The  analyses  point  to  an  origin  from  those  portions 
of  the  coat  which  contain  less  ash  and  fiber. 

The  middlings  are  graded  into  five  classes,  and  in  their  original 
uncleaned  state  they  differ  chemically  in  the  fact  that  from  ^o.  1  to 
No.  5  there  is  a  regular  decrease  in  ash,  fiber,  and  fat,  while  No.  5  is 
richer  in  proteids  than  the  other.  This  would  be  expected  from  our 
preliminary  examination,  which  showed  a  decrease  in  bran  from  begin- 
ing  to  end,  and  from  the  fact  that  No.  5  was  the  purest  endosperm. 

After  cleaning  the  same  relations  hold  good,  but  owing  to  the 
removal  of  the  branny  particles  there  is  in  all  cases  a  loss  of  ash  con- 
stituents and  fiber.  The  effect  of  cleaning  is  more  apparent  in  Nos.  1 
and  2,  where  more  bran  is  removed. 

The  reduction  of  the  middlings  on  smooth  rolls  changes  the  composi- 
tion but  slightly,  and  the  flours  which  originate  from  this  process  are 
very  similar  to  the  middlings  from  which  they  are  produced.  That  from 
the  fourth  reduction  is  richer  in  nitrogen,  as  would,  doubtless,  also 
be  the  case  wilh  the  fifth,  although  no  analysis  was  made. 

The  tailings  from  the  middlings  purifiers  present  the  usual  charac- 
teristics of  by-products,  which  owe  their  existence  to  the  outer  part  of 
the  grain  with  its  high  i)ercentages  of  ash  and  fiber,  and  in  this  case 
also  of  nitrogen.  It  is  remarkable,  however,  that  the  tailings  marked 
No.  6  contain  only  one-third  as  much  ash  as  the  others,  but  this  is 
explained  by  the  fact  that  they  are  largely  comj)osed  of  endosperm. 

The  tailings  from  the  different  reductions  are  nearly  alike  in  compo- 
sition, with  two  exceptions:  Those  from  the  fourth  contain  little  ash, 
fiber,  and  nitrogen.  Like  No.  6  of  the  purifier  tailings,  they  consist 
largely  of  endosperm.  Those  from  the  second  reduction  contain  much 
germ,  and  are  therefore  richer  in  nitrogen  than  the  rest. 

The  repurified  middlings,  as  might  be  expected,  contain  much  more^ 
ash,  oil,  and  fiber  than  the  original,  and  there  is  also  an  increase  in 
nitrogen,  but  not  in  gluten,  owing  to  the  large  amount  of  bran  they 
contain. 

Analyses  of  the  three  grades  of  flour  as  furnished  to  the  market 
follow.  From  a  cursory  glance  it  might  be  said  that  the  low-grade 
flour  was  the  best,  as  it  contains  the  most  proteids,  but  its  weakness  is 
discovered  in  the  fact  that  it  has  only  4  i^er  cent  of  gluten.  The  bakers' 
flour  contains  more  ash,  oil,  fiber,  proteids,  and  gluten  than  the  patent, 
but  owing  to  the  increased  amount  of  the  first  three  constituents  men- 
tioned, it  is  proportionately  lacking  in  whiteness  and  lightness.  The 
two  flours  have  each  their  advantageous  points. 

Several  other  grades  of  flour — break  flour,  stone  flour,  and  flours  from 
the  first,  second,  and  third  tailings — are  all  very  similar,  and,  as  far  as 
chemical  analysis  is  concerned,  good.  The  preliminarj^  examination 
has,  however,  shown  certain  defects  in  each.  The  break  flour  is  richer 
in  x)roteids  and  gluten  than  any  other,  and  if  it  were  pure  and  its  phys- 
ical condition  were  good  it  would  be  of  value. 
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The  roller  process  is  distiuguislied  for  the  completeness  with  which 
it  removes  the  germ  of  the  graiu  during  the  manufacture  of  flour  by 
flattening  and  sifting  it  out.  This  furnishes  the  three  by-products, 
which  are  known  as  first,  second,  and  third  germ.  They  consist  of  the 
germ  of  the  wheat  mixed  with  varying  proportions  of  branny  and 
starchy  matter,  the  second  being  the  purest.  They  all  contain  much 
ash,  oil,  and  nitrogen,  and  if  allowed  to  be  ground  with  the  flour 
blacken  it  by  the  presence  of  the  oil,  and  render  it  very  liable  to  fermen- 
tation, owing  to  the  peculiar  nitrogenous  bodies  which  it  carries.  A 
more  comj)lete  analysis  appears  in  another  place. 

The  flour  from  the  bran  dusters  is  much  like  that  from  the  tailings, 
and  like  the  stone  stocks  from  a  chemical  point  of  view.  This  merely 
shows  that  chemical  evidence  should  not  alone  be  taken  into  considera- 
tion, for  the  bran-duster  flour  is  a  dirty,  lumpy  by-product,  while  the 
stone  stocks  are  valuable  middlings.  Analyses  of  various  tailings  are 
next  in  the  series,  and  need  no  comment.  Those  of  the  dust  from 
middlings  and  dust-catchers  are  rather  surprising,  in  that  they  both 
contain  much  gluten  and  the  first  one  much  fiber,  but  this  is  due  to 
their  containing  both  bran  and  endosperm. 

To  follow  the  gluten  through  the  process  it  is  necessary  to  go  back 
to  the  breaks.  The  amount  in  the  various  chops  does  not  vary  greatly. 
There  is  an  apparent  anomaly,  however,  in  the  fifth  and  sixth  breaks, 
where  no  gluten  was  found  in  the  feed  but  much  in  the  chop.  This  is 
owing  to  the  fact  that  the  feed  has  become  at  this  point  in  the  process 
so  branny  that  by  the  usual  method  of  washiag  to  obtain  the  gluten  it 
does  not  allow  of  its  uniting  in  a  coherent  mass  and  separating  from 
the  bran. 

Among  the  middlings,  both  uncleaned  and  cleaned,  the  fourth  is  the 
richest  in  gluten,  and  the  result  of  the  process  of  cleaning  is  to  increase 
the  amount,  although  slightly  diminishing  the  nitrogen.  This  is  due 
to  the  removal  of  the  branny  matter,  which,  though  rich  in  nitrogen,  is 
j)00T  in  gluten. 

In  the  products  of  the  reduction  on  smooth  rolls,  the  chops  from  the 
higher  middlings  are  the  richest,  and  if  the  analyses  of  the  flours  were 
complete,  No.  4  would  probably  contain  more  than  the  lower  numbers. 
The  tailings  are,  as  has  been  alreadj^  said,  remarkable,  not  so  much 
because  [N'o.  1  has  no  gluten,  but  in  the  fact  that  Xos.  2,  :>,  and  4  have 
7.62  per  cent,  and  Ko.  6  as  much  as  14.37  per  cent  thereof.  The  regu- 
lar increase  shows  that  the  highest  numbers  must  contain  a  large  portion 
of  endosperm. 

That  this  is  the  case  the  microscopic  examination  of  the  diflerent 
tailings  has  shown.  Xo.  1  is  found  to  consist  almost  entirely  of  the 
outer  coatings  of  the  grain;  Xos.  2,  3,  and  4  of  the  same  mixed  with  a 
large  i^roportion  of  endosperm,  which  is  attached  thereto;  while  in  Xo. 
6  it  is  diflicult  to  discover  any  large  amount  of  anything  but  flouring 
material,  and  the  small  percentage  of  ash  shows,  also,  that  it  can  not 
contain  much  bran. 
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In  a  like  manner  No.  4  tailings  from  the  reductions  has  13.34  per  cent 
of  gluten,  which  is  owing  to  the  large  proportion  of  endosperm  which 
it  contains;  and.  in  this  case,  too,  the  fact  of  the  presence  of  so  much 
of  the  interior  of  the  berry  is  presaged  by  the  low  percentage  of  ash. 
The  remaining  tailings  of  this  class  have  little  or  no  gluten,  with  the 
exception  of  ^o.  1,  as  they  contain  very  little  endosperm. 

KINDS   AND    QUANTITIES    OF   FINAL   PRODUCTS   OF   THE   MILL. 

In  the  foregoing  table  the  character  and  composition  of  the  products 
formed  during  the  i^rocess  of  milling  have  been  fully  described  and 
their  purposes  ascertained.  The  final  products  in  the  milling  of  wheat 
which  reach  the  consumer  are  found  as  several  grades  of  flour,  and  the 
refuse  is  sold  chiefly  for  cattle-feeding  i)urposes  under  the  terms  bran, 
shorts,  or  middlings.  All  of  the  high-grade  mills  produce  several 
varieties  of  flour  from  the  same  sample  of  wheat.  These  varieties  of 
flour  are  sold  under  a  great  many  different  names,  as  will  be  seen  in 
the  table  of  analyses  given  further  on.  The  highest  grade  of  flour  pro- 
duced is  very  commonly  known  as  Patent  flour,  while  the  lower  grades 
are  very  often  known  as  Family,  Bakers',  or  Eed  Dog  flours.  In  gen- 
eral it  may  be  said  that  270  pounds  of  wheat  are  required  to  make  200 
pounds  of  flour.  In  other  words  about  4^  bushels  per  barrel.  Unfor- 
tunately for  our  methods  of  computation,  flour  is  usually  sold  by  the 
barrel  instead  of  by  the  100  pounds.  The  barrel  of  flour  in  this  coun- 
try weighs  196  pounds.  With  a  good  quality  of  spring  wheat  a  large 
milling  firm  in  the  Northwest  obtains  the  yield  given  below,  showing 
that  a  barrel  of  flour  can  be  made  from  258.35  pounds  of  wheat: 

Materials  in  barrel  of  flour. 


Product. 

Pounds. 

Percent- 
age. 

149.  37 
29.13 
17.50 

57.82 

11.28 

XiOTV-ffradc  flour         ......                                  -            

6.77 

Total  flour 

196. 00 

45.56 

9.80 

4.99 

2.00 

75.87 

Bran                     

17.64 

Sljorts                                                                                       -     .                              

3.79 

L93 

Waste             - 

0.77 

Total  -weight  of  wheat  . . . 

258.  35 

100.  01^ 

From  one  of  the  largest  mills  in  Minnesota  I  have  received  the  fol- 
lowing statement  in  regard  to  the  quantities  of  x3roduct  formed:  When 
an  exceptionally  high  grade  of  flour  is  formed,  the  quantity  produced 
is  usually  from  12  to  20  per  cent  of  the  total  weight  of  the  wheat.  Of 
the  medium  or  straight  flours,  which  form  the  greatest  part  of  the 
product,  the  quantity  is  about  50  per  cent.     Very  low  grade  flours  form 
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from  2  to  10  per  cent.  In  general  about  15  per  cent  of  the  weight  of 
the  wheat  is  obtained  as  merchantable  flour  of  some  kind,  of  which 
from  60  to  70  per  cent  is  high  grade  or  straight  flour.  About  24  x)er 
cent  of  the  weight  of  the  wlieat  is  obtained  as  feeding  stuff's,  and  about 
1  per  cent  of  the  weight  disappears  as  waste  during  the  process  of 
manufacture.  The  miller  above  referred  to  states  that  in  x>roducing  a 
certain  grade  of  straight  flour  he  has  obtained  as  high  as  72.2  x)er  cent 
of  straight  flour  and  8  x)er  cent  of  low  grade. 

These  figures,  obtained  from  a  Minnesota  miller,  are  very  similar  to 
those  which  have  been  obtained  in  Arkansas,  as  reported  by  Teller  in 
a  bulletin  of  the  Arkansas  Agricultural  Experiment  Station.  Two 
checked  runs  were  made  in  a  high-grade  roller  mill;  in  the  one  case 
with  7,000,  and  the  other  3,000  pounds  of  uncleaned  wheat,  and  the 
results  obtained  are  shown  in  the  following  tables: 


Wheat  miUing  trial  So.  1,  made  Januanj  2,  1894. 
[Weight  uncleaned  wlieat.  7,000  pounds.] 


Product. 


Pounds, 


I   Percent- 


Patent  flour 

Straight  flour 

Low-grade  flour 

Bran 

Tail  of  miU  (ship  stuff ) 

Total 

Screenings 

Loss  (dust,  etc.) _ 

Final  total 7, 000 


age. 


848 

12.11 

3,964 

56.63 

250 

3.57 

1.636 

23.37 

174 

2.49 

6,872 

98. 17 

78 

1.11 

50 

72 

100.  00 


Wheat  iniUing  trlaJ  Xo.  2.  made  March  15,  1894. 
[Weight  uncleaned  wheat,  3,000  pounds.] 


Product. 


Pounds. 


i   Percent- 
i       age. 


Patent  flour 

Straight  flour 1,  510. 5 

Low-grade  flour 

Shorts 

Dust  room  contents , 

Bran 

Screenings 

Sample  cleaned  wheat 

Loss 

Total 3,000 


529.5 

17.65 

1,510.5  ; 

50.35 

69.5  j 

2.  32 

33.0 ; 

LIO 

24.5 

0.82 

723.0 

24.10 

81.0 

2.70 

1.5 

0.05 

27.5 

0.91 

COMPOSITIOX    OF    FLOUR   OBTAINED    IX   TIIK    FRENCH    MILLS. 

In  1804  a  commission  was  appointed  by  the  minister  of  commerce  of 
France  to  study  the  processes  of  milling  in  the  French  Kepublic.     Prof. 
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Airne  Girard  was  the  iDresident  of  this  commission,  and  interesting 
data  are  contained  in  its  report.^ 

The  principal  object  of  the  commission  was  to  determine  what  per- 
centage of  fine  flonr  could  be  obtained  suited  to  making  first-class 
bread.  In  addition  to  this  a  careful  chemical  study  was  made  of  the 
different  grades  of  flour  which  were  produced.  Several  large  mills 
were  placed  at  the  disposal  of  the  committee,  where  wheat  of  different 
qualities  in  large  quantities  was  ground  and  every  process  of  the  milling 
carefully  watched.  The  diff'erent  grades  of  flour  ijroduced  were  sent  to 
the  bakery,  where  the  commission  supervised  the  baking  of  the  bread. 
The  conclusion  of  the  committee  was  that  the  point  of  limitation  in 
regard  to  the  quantity  of  flour  made  from  average  wheat  which  would 
produce  a  white  bread,  i^orous,  well  leavened,  and  easily  digestible,  and 
suited  to  the  demands  of  modern  cookery,  varies  from  60  to  65  i^er  cent 
of  the  weight  of  the  wheat  used.  Beyond  that  point  it  is  possible  to 
obtain  another  5  per  cent  of  flour,  which  will  make  a  fairly  good  bread, 
but  showing  a  change  in  color  and  not  having  the  digestible  and  palat- 
able qualities  of  the  bread  as  made  from  the  first  60  per  cent  extraction. 

The  results  obtained  by  the  French  commission  are  practically  in 
accord  with  the  data  collected  from  our  own  millers.  A  good  average 
wheat  under  the  best  conditions  will  yield  about  60  per  cent  of  high- 
grade  flour,  about  8  per  cent  of  a  good  inferior  article,  and  a  small 
quantity  of  a  very  low  grade,  unsuited  to  making  light-colored  and 
porous  loaves. 

Grades  of  Flour. 

The  different  grades  of  flour  are  based  more  upon  their  color  and 
general  appearance  than  upon  their  nutritive  properties.  It  often  hap- 
pens that  low-grade  flours — that  is,  those  which  make  a  rather  off- 
colored  bread — are  more  nutritious  than  the  highest  grade  and  whitest 
flours,  which  make  the  whitest  bread  when  judged  by  chemical  data 
alone.  A  great  many  people  prefer  a  delicate  cream  tint  to  the  flour 
and  bread  rather  than  a  product  which  is  pure  white.  One  of  the 
largest  milling  firms  in  Minnesota  writes  me  that  the  highest  grade 
flour  which  it  makes  is  used  for  the  family  trade,  being  what  is  called 
a  patent  spring  wheat  flour,  used  largely  in  the  Northwest,  and  corre- 
sponding to  the  winter  wheat  patent  flour  used  in  the  Southern  States. 
The  next  grade  produced  is  called  high  grade  bakers'  flour,  used  exten- 
sively by  backers  in  this  country,  and  also  exported  in  large  quantities 
to  Great  Britain  and  Holland.  The  lowest  grade  of  flour  produced  is 
known  as  Eed  Dog  flour,  which  is  used  largely  for  feeding  domestic 
animals. 

Another  miller  writes  as  follows : 

We  are  sending  you  1^  pounds  each  of  our  Patent,  Family,  and  Bakers'  iiour. 
Each  of  these  flours  is  what  is  commonly  known  as  a  blended  flour.  They  are  the 
result  of  careful  consideration  and  experiments  by  us,  for  the  purpose  of  producing 

1  Comptes  rendus,  vol.  121,  p.  922. 
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n  Patent  and  a  Family  flour  that  will  combine  the  strength  and  the  quality  of  retain- 
ing moisture  of  spring  wheat  flour  and  the  sweetness  and  tenderness  of  the  winter 
wheat. 

The  flour  is  manufactured  from  choice,  selected  hard  spring  wheat  and  from  sev- 
eral kinds  of  winter  wheat  of  the  finest  quality  obtainable  from  various  sections  of 
the  country,  and  is  combined  in  such  proportions  as  to  produce  a  flour  which  will 
fulfill,  we  believe,  the  requirements  that  we  are  seeking  after. 

The  patent  produces  a  bread  that  raises  well,  retains  moisture,  and  is  at  the  same 
time  tender  and  sweet  and  eminently  fitted  for  a  family  flour,  to  be  used  for  the  pro- 
duction of  both  bread  and  pastry  of  superior  quality.  The  Family  flour  does  not 
produce  as  white  a  loaf  of  bread  as  the  Patent,  but  is  in  other  respects  like  the 
Pateut.  The  Bakers'  or  low-grade  flour  is  a  dark  family  flour,  which  is  to-day  very 
largely  used  by  the  people  who  desire  a  sweet,  nutritious,  and  palatable  loaf  of 
bread  at  a  low  price,  without  regard  to  the  fact  that  it  is  not  as  white  as  the  bread 
to  which  they  have  been  accustomed  in  better  times. 

I  am  not  sure  that  you  desired  information  as  fully  as  the  above,  but  feel  that  we 
are  sending  you  a  set  of  samples  practically  unique  in  their  line,  which  will  produce 
results,  in  the  hands  of  a  good  baker,  that  are  surprising. 

FLOURS    WITH    SPECIAL   NAMES. 

In  looking  over  the  name.s  of  the  Hours  wliicli  Lave  been  analyzed  it 
■will  be  seen  that  there  are  uiany  which  have  special  names.  Graham 
flour  is  a  term  which  was  originally  applied  to  the  coarse,  unbolted 
flour  which  was  made  by  crushing  the  whole  wheat.  Strictly  speaking 
the  term  Graham  flour  should  convey  the  idea  of  a  flour  made  from 
well-cleaned  and  dusted  wheat,  ground,  but  not  bolted.  Flours,  how- 
ever, are  often  sold  as  Graham  flour  in  which  the  bolting  process  has 
been  carried  to  a  greater  or  less  extent.  The  true  Graham  flour  would 
contain  practically  the  same  substances  as  the  wheat  kernel  itself,  and 
in  the  same  proportions. 

Entire  icheat  flour. — This  name  would  naturally  carry  the  idea*  of  a 
flour  corresponding  to  the  Graham  flour  above.  It  Is^  however,  a  trade- 
mark for  the  flour  produced  in  a  special  manner,  by  grinding  the  whole 
wheat  after  the  removal  of  the  outer  coverings.  It  therefore  contains 
all  of  the  ingredients  of  the  wheat  grain,  save  those  which  are  found 
in  the  outer  coverings. 

Gluten  flour. — This  is  the  name  of  a  product  which  is  sold  very  exten- 
sively and  which  is  supj)osed  often  hy  purchasers  to  contain  no  starch. 
As  will  be  seen  by  the  analyses  further  on,  this  is  a  very  grave  error. 
The  gluten  flour  is  probably  a  flour  made  from  those  portions  of  the 
endosperm  lying  nearer  the  exterior  of  the  grain,  and  which  are  known 
to  contain  a  larger  quantity  of  proteid  matter  than  the  interior  portions. 

It  is  well  that  we  should  not  be  deceived  by  the  trade  names  of  the 
flours  which  are  oft'eredfor  sale.  As  is  seen  above,  the  ideas  which  the 
name  of  the  flour  conveys  are  not  always  realized  in  the  article  itself. 
It  is  quite  important,  if  we  wish  to  know  the  nature  of  a  flour  without 
making  a  chemical  examination  thereof,  that  the  actual  stei)s  which 
have  been  followed  in  its  preparation  be  traced  and  the  character  of 
the  cereal   employed  be  known.     Experts   may  be   able   to   tell  the 
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difference  between  the  soft  wheat  and  hard  wheat  flours,  or  even 
between  blended  flours,  but  ordinary  i^urchasers  usually  rely  upon  the 
grocer  or  upon  the  name  for  the  information  in  regard  to  the  flour  which 
they  desire. 

PROPERTIES   AFFECTING   THE    COMMERCIAL   VALUE    OF   FLOUR. 

Aside  from  its  nutritive  properties  wheat  flour  has  a  commercial  value 
depending  upon  its  color  and  texture,  and  upon  the  quantity  of  gluten 
which  it  contains.  The  character  of  the  gluten  also  varies  largely  iu 
different  varieties  of  wheat  and  in  wheat  grown  in  different  localities. 
The  gluten  of  the  hard  sirring  wheats  appears  to  have  the  best  proper- 
ties for  baking  purposes,  but  it  can  not  be  denied  that  the  very  best 
bread  in  the  world  is  made  from  the  soft  winter  wheat  of  France.  The 
method  of  manipulating  the  loaf,  of  fermentation,  and  of  baking  must 
therefore  be  admitted  to  have  quite  an  important  bearing  upon  the 
constitution  of  the  finished  loaf.  In  general,  however,  a  flour  is  sold 
almost  exclusively  with  regard  to  its  relative  appearance  with  other 
flours  and  its  color,  as  very  few  purchasers  make  a  test  of  the  quan- 
tity of  gluten  contained. 

PREFERENCE  OF  BAKERS  AS  TO  FLOUR. 

Bakers  prefer  a  flour  with  a  high  percentage  of  tenacious  gluten, 
which  permits  of  the  formation  of  a  loaf  containing  a  maximum  percent- 
age of  water.  With  a  flour  rich  in  gluten  it  is  possible  to  get  a  good, 
palatable  loaf,  without  any  evidence  of  excess  of  water,  containing  as 
high  as  40  per  cent  of  moisture. 

The  baking  of  bread  is  an  art  which  is  most  successfully  practiced  by 
professionals,  and  the  American  method  of  home  bread  baking  is  not  to 
be  too  highly  commended.  The  ideal  flour  for  bread  making  is  one 
which  contains  a  sufficient  quantity  of  gluten  to  produce  a  porous  and 
spongy  loaf,  but  not  one  which  permits  an  excessive  quantity  of  mois- 
ture to  be  incorporated  in  the  loaf  itself. 

Flours  differ  not  only  in  the  quantities  of  gluten  in  them,  but  also  in 
its  qualities.  Some  varieties  of  wheat  furnish  a  gluten  which  is  more 
tenacious  than  others,  and  thus  .produce,  of  course,  a  more  desirable 
flour.  In  practice,  however,  where  the  best  methods  of  bread  making 
are  followed,  it  can  not  be  said  that  the  hard  spring  wheats  afford  a 
better  variety  of  bread  than  the  soft  winter  wheats.  The  excellent 
character  of  the  French  bread  above  referred  to  is  an  evidence  of  the 
fact  that  the  soft  winter  wheats  are  capable,  with  proper  manipulation, 
of  furnishing  as  high  a  grade  of  bread  as  is  desirable. 

Composition  of  Wheat  Flours. 

In  the  prosecution  of  the  work  looking  to  the  preparation  of  this 
bulletin  107  samxfles  of  wheat  flours  have  been  analyzed,  and  the  data 
obtained  are  collected  in  the  following  tables.  The  samples  of  flour 
submitted  to  analysis  were  obtained  from  those  exhibited  at  the  World's 
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Fair,  from  purcliases  in  the  open  market,  and  from  samples  obtained 
directly  from  manufacturers.  A  description  of  the  samples  examined 
precedes  the  analytical  data.  This  description  contains  the  laboratory 
number  of  the  sample,  the  name  of  the  dealer  or  manufacturer  from 
whom  it  was  obtained,  and  a  description  embodying  the  trade  name. 

CLASSIFICATIOX    OF    SAMPLES. 

It  is  at  once  evident  that  the  classification  of  samples  which  are 
obtained  from  exhibits  or  which  are  purchased  in  the  open  market  is 
extremely  difficult.  The  only  guide  which  can  be  followed  in  such  an 
instance  is  the  description  of  the  samx)le  itself,  and  this  is  often  mis- 
leading because  the  trade  name  or  trade-mark  of  the  samj)le  does  not 
always  accurately  describe  its  composition.  In  order,  however,  to  com- 
pare the  difl'erent  samples  together  as  accurately  as  possible,  they  have 
been  separated  into  several  groups  of  related  goods,  resembling  each 
other  as  nearly  as  possible,  as  far  as  could  be  judged  from  the  descrip- 
tions of  the  samples. 

The  first  group  comprises  the  high  grade  so-called  patent  flours.  This 
group  is  supposed  to  embrace  the  most  desirable  flours,  as  far  as  ap- 
IDcarauce  and  baking  properties  are  concerned,  that  are  to  be  found  upon 
the  market. 

The  next  group  embraces  those  flours  in  which  no  particular  descrip- 
tion was  given,  but  which  were  not  called  high-grade  patent  flours.  It 
includes  the  flours  which  are  sold  iu  bulk  rather  than  in  small  pack- 
ages, and  in  general  those  flours  which  represent  the  common  market 
varieties. 

The  third  group  represents  the  general  class  of  flours  which  are  sold 
as  bakers"  or  family  flours,  as  distinguished  from  the  high-grade  patent 
flours  aud  the  general  bulk  flours  represented  by  the  first  and  second 
classes. 

The  fourth  group  represents  the  miscellaneous  flours  which  are  sold 
under  different  names,  mostly  trade-marks,  which  have  no  particular 
significance  in  respect  of  the  character  of  the  flour.  They  embrace 
such  varieties  as  the  ^' Daisy,"  ^'  Golden  Beam,''  'Olodel  Flour,''  ''Xew 
South,"  etc. 

The  fifth  group,  only  four  in  number,  contains  the  so-called  self-raising 
flours. 

The  last  class,  embracing  only  one  sample,  is  a  gluten  flour. 

In  making  this  classification  there  were  many  difficulties  encountered, 
and  it  is  doubtless  true  that  many  of  the  samples  as  classified  above 
might  have  found  a  more  fitting  position  than  in  the  classes  in  which 
they  are  placed.  The  classification  does  not  imply  any  expression  in 
respect  of  the  character  of  the  flour,  but  is  simply  an  attempt  to  group 
the  flours  together  in  accordance  with  their  trade  names,  as  they  are 
sold  in  the  market. 

For  the  purpose  of  discussing  the  analytical  data  it  is  highly 
important  that  the  goods  representing  essentially  the  same  class  as 
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sold  in  tlie  market  be  thus  grouped  together,  in  order  that  a  comparison 
of  their  i^roperties  may  be  secured. 

.  It  is  seen  from  the  above  statements  that  the  analyses  thus  grouped 
together  represent  the  character  of  the  flours  sold  in  our  markets 
rather  than  typical  varieties  made  from  a  uniform  quality  of  wheat  by 
a  carefully  controlled  process.  They  represent,  therefore,  the  character 
of  the  flours  actually  used  by  our  citizens,  and  hence  have  a  special 
value  in  respect  of  practical  nutrition. 

For  purely  scientific  purposes  it  would  be  desirable  to  study  the 
typical  flours  made  from  special  unmixed  grades  of  wheat.  This  has, 
however,  been  done  heretofore  in  this  division  and  in  other  quarters. 
It  has  therefore  been  thought  best  to  confine  the  present  investigation 
to  the  more  practical  aspects  of  the  problem  of  nutrition  as  conditioned 
by  the  composition  of  the  most  important  cereal  articles  of  human  diet. 

Bescription  of  flours  purchased  in  the  open  market. 


Serial 
No. 


Dealer. 


Description. 


10817 


10818 
10819 


10820 
10821 


10822 
10823 


10824 
10825 


10826 
10827 


10828 
10829 


10830 
10831 


10832 
10833 


10834 


10835 
10836 


10837 


John  H.  Magruder,  1417  New  York  avenue 

NW. 

C.  C.  Bryan,  1413  New  York  avenue  NW 

G.  W.  Procter  &  Son,  G  and  Thirteenth  streets 

NW. 

G.  E.  Kennedy  &  Son,  1207  F  street  N W 

Charles  I.  Kellogg,  602  Ninth  street  NW 

Elphonzo  Youngs  Co.,  426  Ninth  street  NW  . 
Estler  Bros.  &  Co.,  C  and  Thirteenth  streets. 

SW. 
S.  S.  Tucker,  C  and  Thirteenth  streets  SW.. .. 
Acme  Market,  409  Seventh  street  SW 

G.  J.  Bubb,  420  Seventh  street  SW 

H.  K.  Dikeman,  505  Seventh  street  SW 

Carter  &  Hazen,  Enterprise  Market,  F  and 

Four-and-a-half  streets  SW. 
F.  A.  Newman,  Four  and-a  half  and  G  streets 

SW. 

Swiss  Market,  Third  and  H  streets  SW , 

C.  L.  Caliis,  Third  and  H  streets  SW 

Wm.  Lanahan,  Second  and  H  streets  SW 

Francis    Leonard,  Delaware  avenue  and  H 

street  SW. 
South    Washington  Grocery   Co.,  603  First 

street  SW. 

H.  E.  Fairall,  First  and  E  streets  SW 

J.  F.  Russell,  730  Ninth  street  N  W 

Robert  White,  Ninth  and  I  streets  NW 


Minnesota  flour;  in  bulk. 

Bryan's  Pride. 

Made  by  W.  Lea  &   Sons  Co.,  Wilmington, 

Del. ;  in  bulk. 
Minnesota  flour;  in  bulk. 
Made  by  3.  S.  Brown,  Virginia.    The  Cook's 

Favorite  Family  Flour. 
Minnesota  flour ;  in  bulk. 
Joy  of  Home,  Best  Minnesota  Patent  Process. 

Knox's  Selfraising  Flour. 

Cream  Blend  Extract  of  Wheat,  artificially 

and    scientifically    blended;     concentrated 

merits  combined. 
Choice  Family  Flour. 
Fancy  Patent  Process,  "Olive."    Made  from 

selected  wheat. 
Snowflake  Family  Flour,  Minneapolis. 

Golden  Grain,  Patent  Fancy  Process,  Minne- 
sota. 

The  Early  Riser,  Selected  Family  Flour. 

W.  H.  Tenney's  Best  Family  Flour.  Manu- 
factured by  Wm.  H.  Tenney  &  Sons,  George- 
town, D.  C. 

Rulo,  a  fine  grade  family  flour. 

Gem  of  Washington,  Roller  Process  Flour. 

Blue  Rose,  Choice  Family  Flour. 

Virginia  Lee,  Finest  Minnesota  Patent  Flour. 
The  Franklin  Mills,  Lockport,  N.  Y.     Fine 

Flour   of   the    Entire    Wheat.      Delicious, 

Economical. 
Ceres,   Patent    Process    Flour    from    Choice 

Minnesota  Wheat. 


Serial 
So. 


10855 
10856 
10857 
10858 

10859 


10861 
10862 
14365 

1436 


FLOUR. 
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Dealer. 


Description. 


10838  John  W.  Hardell.  Xinth  and  P  streets  XW  . . .    Cissels  Great  French  Process.    G.  W.  Ctssel 

<fc  Co.,  Georgetown,  D.  C. 

10839  Edward  H.  Tnindell,  Tenth  and  P  streets  XW .    Celestial,  Fancy  Patent  Holler  Process. 

10840  Heer  Brothers.  Tenth  and  O  streets  N  W E.  G.  Metzs  Best  Roller  Process  Floor. 

10841  J.  G.  McQueen  Sc  Co..  1007  M  street  XW Richmond  Patent  Family  Flour. 

10S42     R.  P.  White.  Twelfth  and  M  streets  XW Minnesota  "Red  River'  Fancy  Roller  Patent. 

10843  Renshaw  Brothers.  1301  M  street  XW Very  Fancy  Patent,  Craig  <fc  Varney,  Oxford. 

Mich. 

10844  Wm.Baunon.  Fourteenth  and  X  streets  XW..    Warwick's  Best  Patent  Process  from  White 

Wheat. 

10845  Cochran  Jc  Byrne.  1317  Fourteenth  street  XW.    "Imperial  York,"  Fancy  Patent.  Wananted. 

10846  Frank  E.  Altemus,  1410  P  street  XW -Onr  Pride,  "  Patent  Fancy  Process  Flour. 

10847  Wm.  T.Davis.  P  and  Fifteenth  .streets  XW...    "The  Daisy.''    G.  W.  Ci.ssel  &  Co.,  George- 

town. D.  C. 

10848  P. O'Donoghue.  2G16  P  street  XW -Golden  Bean  "  Family  Flour. 

10849  H.  P.  Beattie,  3001  P  street  XW 'Model  Flour.  "    H.  P.  Beattie. 

10850  A.  Hanlon.  1444  Thirty-.second  street  X W -Our  Xew  South."     Wm.  H.  Tenney  &.  .Sons, 

The  Capitol  Mills,  Georgetown,  D.  C. 

10851  J.   W.  Eogley   <fc    Bro..   1355   Thirty  second      "Peerless'' Roller  Process  Family  Flour 

street  XW. 

10852  John  A.  Girvin,  2826  Pennsylvania  avenue  X  W 

10853  E.  M.  P.  Harris,  Thirtieth  and  M  streets  XW  . 


10854     Wm.  E.  Revnolds.  3272  M  street  XW. 


Manogue  6c  Jones.  3150  M  street  XW 

Philip  H.  AYard,  2100  Pennsylvania  avenue  XW 
do 

W.  R.  Brown,  Twentieth  and  Pennsylvania 

avenue  XW. 
Matthew  Goddard.  Xew   York  avenue  and 

Thirteenth  street  X  W. 

Spignul  <fc  Co..  Seventh  street  and  Mount 

Yemon  square  XW. 
Wilson  <fc  Schultz,  934  Seventh  street  X W 

A.  A.  Winfield,  215  Thirteen-and-a-half  street 

SW. 
X.  W.  Burchell.  1325  F  street  XW 


.do 


14373 

do 

15262 
15'>75 

John  H.  Magruder,  1417  Xew  York  avenue 
XW. 
do      

15961 
1596'' 

Purchased  for  the  U.  S.  Army  by  Ma.j.  Henry 
G.  Sharpe,  St.  Louis.  Mo. 
do                                              

159C3 

do               

15964 

do 

"Cereal  "  Minnesota  Patent  Process  Flour. 

'Acme,"  Mount  Washington  Fine  Family 
Flour. 

"White  and  Gold.  "  Our  Best  Fancy  Guaran- 
teed Flour. 

"Satisfaction  "  Family  Flour. 

Snow  White  Family  Flour. 

"Eclipse'   Patent  Flour. 

"Beauty  ■■  Minnesota  Patent  Process. 

Heckers     Superlative    Self     Raising    Flour, 

Croton  Mills,  205  Cherry  street.  Xew  York, 

X.  Y. 
"Souvenir    Patent    Process.'"      From    choice 

amber  wheat. 
"  White  Lily  Process."     G.  W.  Cissel.  George 

town,D.  C. 
"  Sni>erlative,''     Roller     Process.   Minnesota 

Patent. 
Hecker's    Old    Homestead    Flapjack    Flour. 

Hecker-Jones-Jewell  Milling  Co.,  Xew  York, 

X.Y. 
Aunt  .Jemimas  Pancake  Flour.     R.  T.  Davis 

Milling  Co.,  St.  Joseph.  Mo. 
Griddle  Cake  Flour.  Quail  Brand.    Xebraska 

City  Cereal  Mills,  Xebraska  Citv,  Xebr. 
Entire  Wheat  Flour.     The  Franklin  Mills  Co., 

Lockport,  X.  Y. 
Farina.     Hecker-Jones  Jewell  Milling  Co..  203 

Cherry  street,  ^'ew  York,  X.  Y. 
Hard  Winter  Patent  Flour. 

Hard  Winter  Patent  Fh)ur. 
Winter  Straight  Flour. 
Winter  Patent  Flour. 
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11103 
12909 
12910 
12911 
12912 
12913 
12914 
12915 
12916 
12917 
12918 
12919 
12922 
12923 
12924 
12925 
12926 
12927 
12929 
12930 
12931 
12937 
12938 
12992 
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Benjamin    Ames,   Lakehorne    Mills,   Mount 
Yernon,  Ohio, 
do 

Warder  &.  Bennett,  Springfield,  Ohio 

do 

do 

do 

do : 

L.  C.  Porter  Milling  Co. ,  Winona,  Minn 

do 

do 

do 

do 

do 

G.  W.  Cissel,  Georgetown,  D.  C , 

do 

do 

do 

do 

do 

American  Cereal  Co.,  Akron,  Ohio 

do 

do 

Pillsbury  &  Washburn, Minneapolis,  Minn... 

do 

L.  C.  Porter  Milling  Co.,  Winona,  Minn 


-do 


"Perfection." 
Champion. 
Golden  Fleece. 
Bob  White. 
Bell. 

Bed  Eiver,  Straight. 
iNo.  0000  Boss,  72  per  cent. 
"  Souvenir,"  50  per  cent. 
"Souvenir  Bakers',"  38  per  cent. 
First  Bakers'  or  Clear  Stock,  20  per  cent. 
Souvenir  Low  Grade,  12  per  cent. 
Low  Grade,  8  per  cent. 
First  Patent. 
Second  Patent. 
First  Family. 
Second  Family. 
Extra. 

Marj-land  and  Virginia  Wheat. 
Patent. 
Family. 
Bakers'. 
Patent. 
Bakers'. 

The  World's  Fair  Best  Flour,  Porter's  Sou- 
venir. 
Second  and  third  break  flour,  or  clear. 


Flours  exMMted  at  the  World's  ColumMan  Exposition. 


Serial 

Manufacturer. 

Description. 

11880 

Hungarian  Patent  Flour. 
Hungarian  Spring  Wheat  Flour. 
Boiler  Process  Flour. 

11881 

do           ^ 

11882 

Thomas  Alsopp,  Murrumburrah,  Australia. . . 

11883 

Brunton  &  Co.,  Granville,  Sydney,  Australia.. 

Soft  Variety  Winter  Wheat. 

11884 

Cohen  &  Levy,  Tamworth,  Australia 

Wheat  Flour. 

11885 

Cootamundra    Farmers'   Cooperative  Eoller 
Milling  Co.,  Cootamundra,  Australia. 

Winter  Wheat  Flour. 

11886 

Edwin  Gardiner,  Temora,  Australia 

Wheat  Flour. 

11887 

Edwin  Grover,  Glen  Innis  Australia 

Do 

11888 

H.  C.  Matthews,  Bathurst,  Australia 

Acme  Patent  Eoller  Soft  Winter  Wheat  Flour. 

11889 

McGee  &  Quinn,  Parker,  Australia 

Patent  Eoller  Process  Wheat  Flour. 

11890 

Pawlry  &  Mclntyre,  Innull,  Australia 

Soft  Winter  Wheat  Flour. 

11891 

William  Tremain,  Bathurst,  Australia 

Patent  Eoller  Winter  Wheat  Flour. 

11892 

F.  Utz,  Glen  Innis,  Australia 

Soft  Winter  Wheat  Flour. 

11893 

Young  Cooperative  Roller  Flour  Mill  Co., 
Young,  Australia. 

Do. 

11894 

M.  McLaughlin  &  Co.,  Toronto,  Canada 

Manitoba  Patent  Flour. 

11895 

do 

Bakers'  Flour. 

11896 

Whitlae, Baird  &  Co.,  Paris.  Ontario,  Canada.. 

Meggar  Flour. 

11897 

John  Hull,  Lakefield.  Ontario,  Canada 

Patent  Flour. 

FLOUR. 
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Serial 

yo. 

Manufacturer. 

1 

Description. 

11898 

John  Hull,  Lakefield,  Ontario,  Canada 

Patent  Flour. 

11899 

Jacob  Heinraiiller.  Walkerton.  Ontario, Canada 

11900 

W.  H.  Stevens.  Chatham.  Ontario.  Canada 

Kent  Flour. 

11901 

do 

Eed  Pine  Flour. 

11902 

do 

Pastry  Flour. 

119U3 

do 

Elgin  Flour. 

11904 

do 

Thomas  Flour. 

11905 

Austin  Mills,  Austin.  Manitoba,  Canada 

Bakers"  Flour. 

11906 

do 

Daisy  Flour. 

11907 

Western  Milling  Co.,  Kegina.  Northwest  Ter- 
ritory. Canada. 

Patent  Flour. 

11908 

:....do  

Bakers'  Flour. 

11909 

D.  McLean.    Calgary,   Xorthwest  Territory, 
Canada. 

Do. 

11910 

do 

Patent  Flour. 

12546 

J.  Mostart,  Bechuanaland,  Africa 

12547 

Marini  Sc  Magnaschi.    Santa  Fe,  Argentine 
Eepublic. 

Wheat  Flour. 

12548 

Fernando  Albinez.  Tecpam,  Guatemala 

Flour,  second-class. 

12549 

Enrique  Bouscoyrol.  Quezaltenango.  Guate- 
mala. 

Flour,  first-class. 

12551 

American  Cereal  Co.,  Akron.  Ohio 

A.  M.  C.  Blended. 

12552 

do 

Lake  Mills  Blended  Family. 

12553 

....do 

Gluten  Flour. 

12554 

do 

F.  S.  Self- Rising  TTheat  Flour. 

12555 

do 

Quaker  Rising  Wheat  Flour. 

12556 

Miguel  Oneto,  Buenos  Ayrea.  Argentine  Re- 

Wheat Flour. 

public. 

' 

* 

DESCRIPTION    OF    TABLES    OF    AXALY.SES. 


In  the  following  tables  are  given  the  detailed  analyses  of  all  the 
samples  of  wheat  Honr  which  have  been  examined  in  this  division  in 
connection  with  the  present  work.  The  laboratory  number  in  the  first 
column  refers  to  the  same  number  in  the  description  of  the  samples. 
It  will  be  observed  that  the  proteids  are  contained  in  two  columns.  In 
the  first  column  of  proteids  are  given  the  i3ercentages  of  these  bodies 
obtained  by  the  old  factor  of  G.25.  The  percentage  of  nitrogen  in  each 
sample  multiplied  by  6.25  gives  the  percentage  of  proteids  in  each  case. 
It  seems  quite  probable,  however,  from  the  data  which  have  been  given 
previously  as  a  result  of  the  recent  investigations  of  the  proteids  of 
wheat,  that  the  factor  6.25  is  too  high,  and  that  more  correct  results 
in  regard  to  proteids  are  obtained  by  multiplying  by  the  factor  5.70. 
The  percentages  of  proteids  calculated  by  this  factor  are  given  in  the 
second  column  of  proteids.  Since  the  carbohydrates  in  each  instance 
are  determined  by  difference,  the  calculation  of  proteids  by  two  factors 
renders  necessary  a  double  column  for  the  carbohydrates.  In  the  first 
column  the  carbohydrates  by  difference  when  the  nitrogen  is  multiplied 
by  6.25  are  found,  while  in  the  second  case  the  carbohydrates  by 
17198— Xo.  13 6 
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difference  when  the  carbohydrates  are  multiplied  by  5.70  are  given. 
It  is  evident,  without  further  illustration,  that  the  second  column  of 
carbohydrates  shows  a  slightly  larger  per  cent  than  the  first. 

Included  in  the  carbohydrates  are  all  the  carbohydrate  bodies  of  the 
wheat  flour.  As  has  been  seen  before,  the  principal  part  of  these  car- 
bohydrates is  composed  of  starch,  but  they  also  include  the  sugars  of  all 
kinds,  the  dextrin,  the  galactin,  the  fiber,  and  the  celluloses  and  hemi- 
celluloses.  Inasmuch  as  the  starch  and  soluble  sugars  make  up  by  far 
the  greater  proportion  of  the  carbohydrates,  it  has  not  been  thought 
necessary  to  separate  the  other  members  of  the  series. 

The  proportion  of  crude  fiber  in  flour  is  quite  insignificant,  and  for 
practical  purposes  the  determination  of  this  material  is  not  necessary. 

The  moisture,  which  is  given  in  the  second  column,  was  obtained  by 
the  ordinary  process  of  analysis.  In  the  columns  headed  "  Moist  glu- 
ten" and  "Dry  gluten"  are  found  the  results  of  the  separation  of  the 
gluten  from  the  flour  by  the  usual  process  of  washing  with  cold  water, 
as  described  in  Bulletin  Ko.  45,  page  10. 

It  is  hardly  necessary  to  call  the  attention  of  chemical  readers  to  the 
fact  that  the  data  obtained  in  these  columns  are  approximate.  There  is 
no  method  known,  by  means  of  which  the  gluten  can  be  separated  in  a 
state  of  purity,  except  by  the  tedious  i^rocesses  which  are  employed 
in  the  separation  and  estimation  of  the  proteid  matters  of  seeds.  It 
will  be  noticed  that  in  many  instances  the  percentage  of  dry  gluten  is 
greater  than  the  total  percentage  of  i)roteids,  which,  of  course,  would 
be  quite  impossible,  provided  the  gluten  could  be  separated  in  a  pure 
state.  In  the  methods  of  separation  em^^loyed  for  practical  purposes 
there  remain  always  in  the  gluten  portions  of  starch  and  fiber  and 
other  materials  sufficient,  in  many  instances,  to  make  the  total  per- 
centage greater  than  that  of  the  total  proteids. 

The  data  contained  in  the  column  headed  "Moist  gluten"  are  of  con- 
siderable importance  from  the  baker's  point  of  view.  The  greater  the 
percentage  of  moist  gluten  which  a  flour  contains,  the  greater  the 
quantity  of  water  which  can  be  incorporated  in  the  loaf  of  bread. 
Where  bakers  sell  their  loaves  by  weight  the  importance  of  this  from  a 
commercial  point  of  view  is  at  once  apparent.  The  palatability  and 
lightness  of  the  loaf  are  also  influenced  in  a  marked  degree  by  the 
percentage  of  moist  gluten. 

In  the  column  headed  "Percentage  of  ash"  are  given  the  numbers 
obtained  by  the  direct  ignition  of  the  sample  with  the  usual  precautious 
until  an  ash  is  secured  which  is  practically  free  of  carbon.  The  figures 
given,  therefore,  represent  what  is  known  as  the  crude  ash — that  is,  the 
ash  containing  any  still  unburned  particles  of  carbon — and  the  carbon 
dioxid  in  combination  with  bases  arising  from  the  combustion  of  the 
organic  salts  present  in  the  wheat  flour.  Practically  nearly  the  whole 
of  the  ash  is  composed  of  phosphoric  acid  and  potash,  and  where  such 
small  quantities  enter  into  calculation  it  is  not  necessary  for  our  pres- 
ent purpose  to  make  a  further  separation  of  its  ingredients. 
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Under  <' Ether  extract"  are  given  the  data  obtained  by  the  direct 
extraction  of  the  dry  sample  with  anhydrous  ether.  Tlie  ether  extract 
consists  chiefly  of  the  vegetable  oils,  but  it  may  contain  also  other 
matters  soluble  in  anhydrous  ether.  It  is  not  proper,  therefore,  to 
regard  the  whole  of  the  ether  extract  as  a  pure  glyceride,  or  a  mixture 
of  glycerides.  Digestion  exi)eriments  which  have  been  carried  on  with 
ether  extracts  obtained  in  the  way  indicated,  show  that  the  percentage 
which  is  digestible  is  much  less  than  for  the  pure  glycerides.  In  com- 
puting the  food  or  calorific  values  of  the  samples,  therefore,  too  high 
results  are  obtained  by  regarding  the  ether  extract  as  a  mixture  of  pure 
glycerides.  Since,  in  the  case  of  a  wheat  flour,  the  germ  which  contains 
the  principal  part  of  the  oil  of  the  wheat  has  been  removed,  the  percent- 
age of  ether  extract  is  uniformly  low,  rarely  rising  above  one-half  of  1 
per  cent.  It  is  entirely  safe  to  regard  at  least  two-thirds  of  this  quan- 
tity as  composed  of  pure  glycerides. 

Hj:at  of  Combustion  op^  Cereals. 

The  heat  of  combustion  of  the  sample  is  computed  for  the  number  of 
calories  which  would  be  generated  by  one  gram  of  the  substance  burned 
under  pressure  in  oxygen.  In  the  calculation  of  calorimetric  equiva- 
lents various  factors  are  employed.^ 

In  any  given  case  the  value  of  any  food  product  as  a  fuel  is  deter- 
mined experimentally  by  burning  the  substance  and  measuring  the 
amount  of  heat  evolved.  By  the  improvement  of  modern  appliances 
this  measurement  can  be  v^ery  accurately  made.  The  heat  equivalents 
are  expressed  in  calories,  the  calorie  representing  the  amount  of  heat 
necessary  to  raise  1  gram  of  water  at  a  temperature  of  about  18^  C,  1^ 
in  temperature.  The  amount  of  heat  developed  by  the  ditierent  food 
classes  varies  greatly,  being  least  for  the  carbohydrates  and  greatest 
for  the  fats.  Among  the  carbohydrates  the  pentose,  dextrose,  and 
levulose  sugars  have  the  least  calorific  value:  sucrose  and  maltose  come 
next,  and  starch  and  cellulose  have  the  highest.  One  gram  of  a  starch 
carbohydrate,  when  burned  under  proper  conditions,  atibrds  a  sufficient 
amount  of  heat  to  raise  the  the  temperature  of  4,200  grams  of  water 
1^.  In  like  manner  1  gram  of  pure  vegetable  proteid  matter  during 
combustion  aff'ords  a  quantity  of  heat  sufficient  to  raise  the  temperature 
of  about  5,900  grams  of  water  1^,  while  the  combustion  of  1  gram  of  fat 
or  oil  will  aff'ord  a  sufficient  amount  of  heat  to  raise  the  temperature  of 
about  9,300  grams  of  water  1^.  Among  the  proteids,  peptones  have  the 
lowest  calorific  value  and  the  cereal  proteids  tlie  highest.  Among  the 
fats  and  oils,  butter  fat  has  a  low,  while  oleomargarine  has  a  liigli  calo- 
rific value.  If  all  the  fats  which  are  ingested  were  consumed  in  pro- 
ducing animal  heat  the  simple  determination  of  their  heat  value  would 
be  a  sufficient  index  of  their  nutritive  proi)erties.  It  is  seen  without 
argument,  however,  that  the  production  of  animal  heat  is  only  one  of 
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the  important  functions  of  foods,  and  among  foods  of  like  kinds  even, 
it  is  not  quite  certain  that  their  heats  of  combustion  are  reliable  tests 
of  their  heat  values  in  the  body.  This  is  illustrated  very  strikingly  in 
the  case  of  butter  fat  and  oleomargarine,  as  indicated  above.  More- 
over, in  a  great  many  substances  which  are  largely  indigestible,  as  for 
instance,  wood  fiber  in  the  pure  state,  the  complex,  representing  the 
carbohydrates  in  fodders  and  cellulose  affords  on  combustion  a  quan- 
tity of  heat  quite  comparable,  or  in  excess  of  that  given  by  a  digestible 
sugar  or  starch.  In  case  it  is  not  convenient  to  determine  by  actual 
combustion  the  calorific  value  of  a  food,  its  approximate  value  can  be 
calculated  from  the  analytical  data  showing  the  relative  percentages  of 
carbohydrates,  proteids,  and  oils  contained  therein. 

The  principles  on  which  the  calculation  of  the  calories  of  combustion 
is  based  are  stated  in  the  following  paragraphs. 

CALORIES   OF   COMBUSTION  IN   OXYGEN   OF   CEREALS   AND   CEREAL   PRODUCTS,  CALCU- 
LATED  FROM   ANALYTICAL   DATA. 

The  calculation  of  the  heat  of  combustion  of  food  products  is  now 
quite  generally  practiced  in  analytical  determinations.  The  develop- 
ment of  the  methods  of  burning  in  compressed  oxygen,  as  proposed  by 
Berthelot  and  Vieille,  has  made  it  possible  to  use  this  process  for  ordi- 
nary analytical  purposes,  and  with  a  fair  degree  of  accuracy.  The 
data  obtained  by  combustion  in  oxygen  become,  therefore,  a  check  upon 
ordinary  analytical  determinations,  as  well  as  an  additional  means  of 
measuring  the  dietetic  value  of  foods.  When  the  data  obtained  on 
combustion  are  to  be  used  in  analytical  methods  it  is  necessary  to  com- 
pare them  directly  with  the  data  calculated  from  chemical  analysis. 
A  large  number  of  difficulties  arises  in  connection  with  this  calculation 
on  account  of  the  number  of  combustible  substances  present  in  the 
cereals  and  their  products.  We  have  three  great  classes  of  bodies  in 
cereals,  namely,  carbohydrates,  proteids,  and  oils.  In  addition  to  these, 
however,  there  are  many  others  which  are  oxidizable,  and  which  yield 
heat  in  the  process,  among  them  amid  compounds  of  nitrogen,  organic 
acids,  lecithins,  and  coloring  matters.  These  last  named,  it  is  true, 
exist  in  minute  quantities,  but  the  combustion  of  the  whole  of  them  is 
attended  with  a  considerable  evolution  of  heat,  which  must  not  be  lost 
sight  of  in  exact  comparisons.  In  addition  to  this,  the  groups  of  like 
matters  which  form  the  chief  part  of  cereals  and  cereal  products  are 
composed  of  several  substances.  In  the  carbohydrates  are  found  many 
different  classes  whose  heats  of  combustion  vary  largely.  For  instance, 
there  is  a  wide  difference  between  the  heat  of  combustion  of  a  gram  of 
pentosans  and  a  gram  of  starch,  and  midway  between  these  lies  the 
number  representing  the  heat  of  combustion  of  sucrose.  The  different 
vegetable  oils  vary  greatly  in  their  calorific  power,  and  these  differences 
must  be  taken  into  consideration  in  the  calculations.  In  respect  of 
the  heats  of  combustion  of  the  vegetable  proteids  but  little  is  known, 
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aDcl  we  have  not  yet  isolated  sufficient  quantities  of  the  different  pro- 
teids  to  determine  the  heat  of  combustion  of  each  one  directly.  This 
I)art  of  the  subject  will  be  investigated  further.  The  results  of  tiie 
actual  determinations,  however,  show  that  the  average  number  of 
small  calories  per  gram  of  vegetable  proteids  evolved  in  burning  in 
oxygen  is  not  far  from  5,000.  The  details  of  the  processes  employed 
for  cereals  and  cereal  products  will  be  considered  by  classes,  begin- 
ning with  the  carbohydrate  group. 

CALORIES    OF    THE    CARBOHYDRATES. 

The  magnitude  of  the  calorimetric  equivalents  of  the  carbohydrates 
and  their  derivatives  show  in  general,  regular  and  exi)ected  variations, 
depending  on  their  constitution  and  molecular  configuration.  Isomeric} 
bodies  show  similar  but  not  always  identical  heats  of  combustion.  For 
the  three  groups  of  carbohvdrates,  represented  by  the  formulas  CeHiiOj, 
C]2H220n,  and  (CeHioOa),!,  respectively,  the  heats  of  combustion  at  con- 
stant volume  for  1  gram-molecule  are  about  673,  1,351,  and  G78  calories, 
respectively.  In  derivatives  of  the  carbohydrates  the  heat  value 
decreases  in  general  with  the  increase  of  the  hydrogen  and  oxygen 
atoms  with  reference  to  the  carbon  atoms,  but  this  rule  is  not  rigidly 
applicable,  and  does  not  permit  a  sure  judgment  in  respect  of  heat 
value  based  on  a  knowledge  of  chemical  composition  alone.  The  heat 
value  of  the  pentoses  is  generally  less  than  that  of  the  hexoses,  and  of 
the  hexoses  the  more  condensed  forms,  as,  for  instance  the  disaccharids, 
and  the  polysaccharids  like  starch,  have  a  higher  heat  value  than  the 
simpler  forms  like  dextrose.  In  round  numbers  the  heat  value  of  the 
pentoses  (arabinose,  xylose),  and  of  lactose  (crystallized),  dextrose,  and 
fructose  is  3,750;  of  sucrose,  maltose,  and  lactose  (anhydrous)  3,950, 
and  of  starch  and  cellulose  4,200  calories  per  gram.  In  comi)uting  the 
heat  value  of  a  mixed  carbohydrate  body  from  analytical  data  it  is 
therefore  necessary  to  know  approximately  the  relative  quantities  of 
these  typical  constituents.  If,  for  instance,  in  a  sample  of  ground  wheat 
containing  74  per  cent  of  carbohydrates  it  is  desired  to  calculate  the 
heat  value  accurately,  it  is  first  necessary  to  distribute  the  total  carbo- 
hydrates into  groui^s.  Sui)pose  it  to  be  found  on  analyses  that  the 
total  carbohydrates  are  composed  of  the  following  quantities: 

Per  cent. 

Pentosans 4.5 

Cellulose 4.5 

Sugar  (sucrose ) 1.0 

Starch tU.  0 

The  heat  value  of  the  pentosans  is  about  50  calories  greater  than  for  the 
pentoses,  and  the  factor  for  pentosans  is  therefore  3,750  +  50  =  3,800. 
Cellulose  and  starch  have  practically  the  same  heat  value,  and  tlie  fac- 
tor for  these  in  rouiul  numbers  is  4:,l!00.  The  sugar  is  cliietly  sucrose, 
and  the  factor  for  this  is  3,950.  The  above  numbers  give  th«^  necessary 
data  for  the  computation  given  below.     The  following  gives  the  com- 
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puted  carbohydrate  calories  for  one  gram  of  a  cereal  flour  containing 
74  per  cent  of  carbohydrates: 

Gram. 
Total  weight  of  carbohydrates 0.  740 

Weight  of  pentosans,  etc 045 

Weight  of  starch,  cellulose,  etc 685 

Weight  of  sucrose,  etc 010 

Then— 

0.045  X  3,800  =  171.  0  calories. 
0.685  X  4,200  =  2,  877.  0  calories. 
0.010  X  3,950  =       39.  5  calories. 

Sum     ^  3,  087. 5  calories. 

CALORIES   OF   COMBUSTIOIS    OF   VEGETABLE   PROTEIN. 

In  respect  of  the  heat  of  combustion  of  the  vegetable  proteid  mat- 
ters, it  may  be  said  that  even  greater  variations  are  noticed  than  with 
the  glycerides  and  carbohydrates;  for  instance,  the  calories  obtained 
by  the  combustion  of  a  gram  of  gluten,  as  ascertained  by  Berthelot, 
are  represented  by  the  number  5990.3.  The  mean  number  of  calories 
per  gram  of  the  proteids  in  general  is  stated  by  Stohmann  to  be  5730.8. 
The  calorimetric  numbers  for  hordein,  edestin,  leucosin,  zein,  myosin, 
vitelin,  gliadin,  glutenin,  and  the  other  minor  proteid  bodies  occurring 
in  the  cereals  have  not  been  determined.  Moreover,  it  must  be  remem- 
bered that  the  cereals  contain  a  certain  proportion  of  amid  nitrogenous 
bodies,  the  heat  values  of  which  are  considerably  less  than  those  of 
the  pure  proteids.  It  is  a  question,  therefore,  of  considerable  difficulty 
to  select  a  factor  which  represents  the  proper  number  for  computing 
its  fuel  value  from  the  total  nitrogen  present  in  a  cereal.  In  the 
Principles  and  Practice  of  Agricultural  Analysis  (Vol.  Ill,  page  559), 
the  factor  5,500  calories  per  gram  is  proposed  as  a  suitable  one  for  use 
with  the  proteids.  This  factor  is  probably  too  low  for  estimating  the 
heat  produced  by  the  combustion  of  cereal  protein  in  oxygen.  Before 
the  proteids  are  absorbed  into  the  body  and  oxidized  or  distributed,  as 
constituents  of  the  tissues  they  are  converted  in  the  digestive  organs 
into  soluble  forms,  to  which  the  general  term  peptones  has  been  appUed. 
The  heat  of  combustion  of  peptones  is  decidedly  less  than  that  of  the 
ordinary  proteids,  being  represented  by  a  factor  5,300  calories  per  gram. 
The  number  given  above,  therefore,  viz,  5,500  calories  per  gram,  is 
about  a  mean  to  be  used  in  calculating  the  calories  of  combustion  of 
peptones  and  proteids.  For  the  actual  calculation  of  heats  of  com- 
bustion in  oxygen  of  proteid  matter  of  cereals  to  be  compared  with  the 
heats  of  combustion  obtained  in  the  calorimeter,  the  factor  5,900  is  ])ro- 
posed  as  the  one  most  nearly  correct,  in  so  far  as  our  present  knowledge 
is  concerned. 

We  have  made  efforts  to  secure  sufficient  quantities  of  the  pure  ijro- 
teids  present  in  the  different  cereals  to  determine  directly  their  calorific 
power.    Owing  to  the  difficulty  of  preparing  these  proteids  in  the  large 
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quantities  sufficient  for  the  work  we  have  not  yet  succeeded  in  our  object. 
We  shall,  however,  continue  this  work  and  either  obtain  the  samples 
from  others,  or,  if  unable  to  do  this,  prepare  them  ourselves,  in  order 
that  the  special  factor  for  each  cereal  may  be  determined  experimen- 
tally. In  the  absence  of  these  special  determinations  we  have  only  the 
recourse  of  making  use  of  the  factor  which  seems  to  be  nearest  the 
proper  one  for  all,  namely,  5,900  calories  for  each  gram  of  vegetable 
protein  present  in  the  cereal. 

If  all  the  nitrogen  in  a  cereal  product  be  calculated  as  x^roteid  mat- 
ter the  factor  to  be  used  in  calculating  the  calories  of  combustion  must 
be  less  than  5,900.  The  reason  for  this  is  that  a  small  part  of  the  nitro- 
gen present  is  in  a  nonproteid  form,  existing  as  comi^ounds  distinctly 
less  calorifacient  tlian  proteid  matters.  Only  an  approximate  factor 
can  be  proposed  for  this  calculation.  It  is  best  to  determine  the  non- 
proteid nitrogen  and  then  use  the  factor  5,900  for  the  residual  proteids. 
The  nitrogen  as  amids  in  this  case,  in  so  far  as  its  fuel  value  is  con- 
cerned, is  to  be  calculated  by  a  different  factor.  Asparagin  may  be 
selected  as  a  representative  vegetable  amid,  and  the  calories  corre- 
sponding to  1  gram  of  asparagin  are  represented  by  the  number  3,400. 
Asparagin  contains  22.7  per  cent  of  nitrogen,  and  in  order  to  convert 
amid  nitrogen  to  asparagin  its  percentage  is  multiplied  by  4.05.  These 
data  afford  the  basis  of  a  rational  computation  of  heat  values  of  the 
nitrogenous  constituents  of  cereals. 

Example. — The  sample  of  wheat  flour  before  mentioned  contains  2 
per  cent  of  nitrogen,  of  which  0.12  per  cent  is  of  an  amid  nature.  The 
proteids  in  the  sample  are  calculated  as  follows : 

1.88  X  5.70=  10.71  per  cent. 

The  amid  bodies,  as  asparagin,  are  found  from  the  following  equation : 

0.12  X  4.0.5  =  0.48  per  cent. 

In  1  gram  of  substance  the  calories  of  combustion  are  calculated  as 

follows : 

0.1071  gram  proteids     X  5,900  =  631.9  calories. 
0.0048  gram  asparagin  x  3,400=  16.3  calories. 

Total  calories  due  to  nitrogen  compounds.  648.2  calories. 

CALORIES    OF    COMBUSTIOX    OF    CEREAL    OILS.  * 

In  order  to  secure  a  basis  for  rational  work,  the  oils  of  the  cereals 
were  extracted  and  purified  as  carefully  as  possible  by  the  usual  meth- 
ods. Three  of  these  oils  have  already  been  subjected  to  combustion, 
while  the  process  of  the  purification  of  the  others  is  still  going  on. 
The  oils  which  have  been  burned  gave  the  following  calories  per  gram: 
Wheat  oil,  9,359 ;  rye  oil,  9,322 ;  Indian-corn  oil,  9,280.  For  the  nearest 
round  numbers  the  factor  for  wheat  oil  would  be  9,350,  and  for  rye  and 
Indian  corn  9,300. 

In  making  calculations   from  analytical  data,  however,  the  ether 
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extract  does  not  represent  a  pure  oil,  but  all  the  other  bodies  in  the 
cereal  which  are  soluble  in  ether.  It  is  therefore  deemed  desirable  to 
determine  the  calorifacient  power  of  the  ether  extract  obtained  accord- 
ing to  the  methods  of  the  official  agricultural  chemists.  For  this  pur- 
pose a  considerable  quantity  of  the  ether  extracts  of  wheat,  oats,  barley, 
and  rye  was  prepared,  and  the  combustion  of  this  extract  was  made 
directly.  The  results  per  gram  of  ether  extract  for  the  several  cereals 
mentioned  are  as  follows:  Wheat,  9,070;  oats,  8,927;  barley,  9,070,  and 
rye,  9,196.  The  nearest  round  numbers  for  these  bodies  would  therefore 
be:  Wheat,  9,100;  oats,  8,950;  barley,  9,100,  and  rye.  9,'JOO. 

In  the  extraction  of  cereals  with  ether  it  should  not  be  forgotten 
that  a  portion  of  the  fatty  matter  is  not  brought  into  solution.  Espe- 
cially is  this  true  of  the  lecithins.  In  view  of  this  fact,  it  is  a  matter 
of  question  whether  it  might  not  be  advisable,  with  the  present  light 
on  the  subject,  to  multiply  the  ether  extract  by  the  round  number 
9,300  rather  than  by  the  number  corresponding  to  the  calorifacient 
power  of  the  ether  extract  itself  as  given  above.  With  tbe  exception 
of  oats  and  Indian  corn,  the  difference  between  the  two  factors  would 
be  very  slight,  because  the  ether  extract  is  a  small  number.  With 
oats  and  Indian  corn,  however,  the  difference  would  amount  to  several 
calories.  In  the  case  of  oils  in  general  the  calories  of  combustion  vary 
greatly  with  the  character  of  the  glycerides.  It  has  been  shown,  for 
instance,  that  a  gram  of  oleomargarine  when  burned  in  oxygen  affords 
about  200  more  calories  than  a  grain  of  butter  fat.  The  natural  oils 
which  exist  in  plants  vary  in  respect  of  their  fuel  values.  Linseed 
oil,  for  instance,  has  a  slightly  higher  fuel  value  than  olive  oil.  In 
Principles  and  Practice  of  Agricultural  Analysis  (Yol.  Ill,  p.  509), 
it  is  recommended  to  use  the  factor  9,300  for  a  general  case  for 
the  heat  value  of  a  gram  of  glycerides.  This  is  probably  not  far 
from  the  correct  number  for  the  average  of  animal  and  vegetable 
glycerides,  being  iDossibly  a  little  too  low.  Since  in  natural  cereals  we 
have  to  do  only  with  vegetable  glycerides,  and  in  breads  often  with  a 
mixture  of  vegetable  and  animal  glycerides,  it  is  difficult  to  determine 
in  every  case  the  magnitude  of  the  factor  to  be  employed.  For  the 
pure  cereal  glycerides,  however,  it  is  recommended  that  the  factor  men- 
tioned above  be  used,  viz,  9,300  calories  per  gram.  In  the  baking  of 
bread  the  fats,  especially  those  in  the  crust,  are  subjected  to  a  high 
temperature,  under  which  tbey  possibly  undergo  a  preliminary  oxida- 
tion. In  this  case,  therefore,  the  factor  given  in  the  Principles  and 
Practice  of  Agricultual  Analysis,  viz,  9,300  calories  per  gram,  may  be 
too  high. 

In  the  ether  extract  of  cereals  there  are  other  bodies  besides  fat,  and 
it  would  not  be  proper  to  regard  the  whole  mass  as  having  the  same 
fuel  value  as  pure  fat.  It  is  difficult  to  make  any  accurate  allowance 
for  these  bodies,  which  are,  moreover,  of  an  organic  nature,  and  capa- 
ble of  yielding  considerable  quantities  of  heat  on  combustion.    To  avoid 
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confusion,  it  may  be  said  that  tlie  factor*9,300  calories  per  gram  can 
be  used  also  with  the  ether  extracts  of  flours  and  meals  as  well  as  with 
those  of  the  baked  products.  In  the  sample  of  ground  wheat  already 
mentioned  the  ether  extract  is  2  per  cent.  The  calories  afforded  b}^  the 
oil  in  burning  1  gram  of  the  flour  are  therefore — 

0.020  gram  x  9,.30(J  =  186  calories. 

It  is  evident  that  it  will  be  imi^racticable  to  make  any  account  in  our 
calculations  of  the  heat  of  combustion  arising  from  the  oxidation  of  the 
small  quantities  of  coloring  matters,  organic  acids,  and  other  bodies 
not  included  in  the  above  data.  By  using  the  factor  9,300  for  the 
multiplication  of  the  ether  extract  instead  of  the  factors  determined  by 
direct  investigation  it  is  evident  that  a  suflicient  allowance  will  be 
made  for  the  inclusion  not  only  of  the  bodies  mentioned,  but  also  of  the 
lecithins  remaining  unextracted  and  for  which  the  calorifacient  value 
approximates  that  of  the  true  glycerides.  The  above  data,  then,  give 
the  basis  for  calculating  the  whole  calorific  power  of  a  whole  wheat 
flour  having  the  following  composition : 

Carbohydrates : 

Starch,  cellulose,  etc  per  cent . .  68.  50 

Pentoses do 4.  50 

Sncrose do 1.  00 

71.00 

Proteids do 10.  71 

Amids  do 0.48 

Ether  extract do....     2.00 

Ash do....     2.00 

Moisture do 10. 81 

The  heat  values  shown  separately  for  each  of  these  constituents  are 
as  follows :  • 

Calories  due  to  starch,  cellulose,  etc 2,  877 

Calories  due  to  pentosans _ 171 

Calories  due  to  sucrose 40 

Calories  due  to  proteids 632 

Calories  due  to  amids 16 

Calories  due  to  ether  extract 186 

Total  calories  in  1  gram 3,  922 

COMPARISON   OF   CALCULATED   AND   ASCERTAINED   CALORIES. 

The  principles  of  calculation  which  have  been  developed  above  have 
been  applied  in  the  direct  comparison  of  the  calories  of  combustion 
ascertained  by  experiments  and  those  calculated  from  analytical  data. 
The  samples  of  cereals  examined  consisted  of  two  samples  of  wheat, 
one  of  rye,  one  of  unhulled  oats,  and  one  of  hulled  barley.  The  ana- 
lytical data  obtained  by  careful  analyses  foUow. 
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Chemical  composition  of  samples  of  grain. 


Constituents. 


Moisture 

Ash 

Etber  extract 

Proteids 

Carbohydrates : 

Sucrose J 

Invert  sugar 

Galactin  and  dextrin. 

Pentosans 

Fiber 

Starch  


Wheat 
No.  1. 

Wheat 
J^o.  2. 

Eye. 

Unhulled 
oats. 

Hulled 
barle>'. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Percent. 

11.33 

10.65 

11.71 

9.26 

12.  20 

1.69 

1.77 

2.31 

3.78 

0.93 

2.00 

2.24 

1.63 

4.72 

0.92 

12.  19 

14. 44 

11.69 

9.  63 

10.44 

0.33 

0.48 

0.42 

0.17 

0.18 

0.  027 

0.08 

0.068 

0.031 

0.017 

0.16 

0.25 

0.22 

0.26 

0.14 

5.80 

5.17 

8.10 

13.  G5 

6.50 

2.15 

2.56 

2.36 

12.81 

0. 80 

64.51 

62.69 

61.78 

45.98 

68. 03 

The  calculated  calories  fur  each  of  the  samples  given  above  are  as 
follows: 

roTni^onPnt.  T^artM  '     ^hei^t        Wheat         p  Unhulled     Hulled 

Component  parts.  ^      -^^^  ^^^  K>e.  ^^^^  barley. 

I  Calories.     Calories.    Calories.    Calories.  Calories. 

Etherextract r |  186  i            208  j            152  |            439  8G 

Proteids j  719  1           852  |            690              508  616 

Pentosans 220  1            196  |            308  '            519  247 

Sucrose 13                19                17  I               7  7 

Starch  and  fiber 2,800          2,741           2,694           2,469  2,891 

Total !  3, 938  I        4,016  3,861  4,002  3,847 

\ \ _____^ 

The  calories  found  by  direct  combustion  in  oxygen  are  as  follows : 

Wheat  No.  1 3,922 

Wheat  No.  2 4,011 

Rye '. 3,909 

Oats 4,181 

Bi.rley 3,886 

The  direct  comparison  of  the  two  numbers  is  seen  in  the  following- 
table: 


Variety  of  grain. 


Wheat  Xo.  1 
Wheat  No.  2 

Eye 

Oats 

Barley 


Calculated. 

Found. 

Difference. 

Calories. 

Calories. 

Ca 

ories. 

3,938 

3,922 

+  16 

4,016 

4,011 

+    5 

3,860 

3,909 

—  49 

4,002 

4,181 

—179 

3,846 

3,886 

—  40 

The  agreement  between  the  calculated  calories  and  those  actually 
determined  in  the  calorimeter  is  satisfactory  in  the  above  cases,  with 
the  exception  of  the  sample  of  oats.    In  this  case,  as  will  be  seen,  the 
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calories  directly  ascertained  are  179  greater  than  those  calculated  froDi 
the  analytical  data.  This  fact  suggests  the  i:>ossibility  of  the  heat  of 
combustion  of  the  unseparated  complex  representing  the  unidentified 
carbohydrates  of  hulls  and  fodders  being  higher  than  for  starch.  Where 
such  a  difference  exists,  the  suggestion  at  once  occurs  that  either  the 
analytical  data  or  the  calories  obtained  by  combustion  are  in  error. 
One  of  the  principal  values  of  ascertaining  the  calories  of  combustion 
in  analytical  work  is  indicated  by  such  a  difference.  The  combustion 
^vill  be  a  check  on  the  analysis  and,  vice  versa,  the  analysis  a  check  on 
the  combustion.  Where  the  differences  are  as  great  as  noted  in  oats, 
the  indications  are  for  a  repetition  of  both  the  analysis  and  the  com- 
bustion. The  magnitude  of  the  difference  between  the  calculated  and 
ascertained  calories  which  can  be  allowed  as  fully  within  the  ordinary 
eirors  of  analysis  and  combustion,  can  only  be  determined  by  a  long 
series  of  determinations,  and  perhaps  after  the  factors  employed  for  the 
calculations  have  been  slightlj-  changed  to  harmonize  more  closely  with 
ascertained  results.  At  the  present  time  we  are  inclined  to  the  opinion 
that  when  the  difference  between  the  calculated  calories  and  those  ascer- 
tained on  combustion  does  not  exceed  50  or  75  calories  the  check  is 
sufficiently  satisfactory. 

We  have  examined  by  the  above  process  the  greater  part  of  the 
cereal  products  treated  in  this  bulletin.  The  data  which  are  given 
below  include  28  consecutive  determinations  on  the  products  men- 
tioned, with  the  exception  of  six,  where  the  difference  between  the 
ascertained  and  calculated  calories  was  so  great  as  to  indicate  an  error 
in  one  or  the  other. 

The  following  table  contains  all  the  data  showing  a  comparison 
between  the  calculated  and  ascertained  calorific  power  of  the  several 
substances  mentioned: 

Comparison  of  cereal  products. 
FLOUR. 


Name  of  substance. 

Determined 

calories 

per  gram. 

Calculated  calories 
per  gram. 

X  X  5.70 

X 

X6.25 

Flapjack  flour 

3.  700 
3,820 
3,724 
3.  870 

3.776 
3,833 
3.706 
3.8S0 

3.790 

Pancake  flour 

3  845 

Griddlecake  flour 

3,719 

Patent  flour          .                                                               

3.894 

Mean 

3,  779 

3.799 

3, 812 

BREAD. 

Vienna   

4.420 
4.381 
4.  5o8 
4.436 

4.372 
4.339 
4.483 

4.  4:>o 

4,304 

4,  359 

Home  made 

4.503 

Home  made 

4.465 

Mean 

4,449 

4,411 

4,430 
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Conqjarison  of  cereal  products — Coutinned. 
BREAKFAST  AND  PARTIALLY  PREPARED  FOODS  (WHEAT  PRODUCTS). 


Name  of  substance. 


Calculated  calories 


Shredded  -whole-wheat  biscuit 

"Wheat  germ  meal 

Gluten  butter  wa fers 

AVhole  wheat  gluten 

Cooked  gluten 

Germea 

Breakfast  gem 

Cracked  wheat 

Mean 

MISCELLANEOUS 

Kaflfee-brod 

Granula 

Imperial  granum 

F.  F.  V.  malt  food 

Granulated  barley 

H-O  oatmeal 

Mean 


Determined 
calories 

per  gram 

per  gram. 

N  X  5.70 

N  X  6.25 

4,253 

4,298 

4,314 

4,  362 

4,404 

4,420 

4,610 

4,605 

4,  628 

4,544 

4,542 

4,566 

4,432 

4,406 

4,425 

4,445 

4.403 

4,417 

4,379 

4,405 

4,420 

4.453 

4,395 

4,413 

4,  435 


4,432 


4,450 


4,146 
4,385 

4,203 
4,399 
4,  462 

4,485 

4,470 

4,465 
4,  353 
4  799 

4,365 
4,800 

4,442 

4,447 

A  study  of  the  above  data  reveals  tlie  fact  that  while  the  variatioDS 
in  individual  iustances  are  considerable,  a  comparison  of  the  means 
shows  that  the  factors  which  have  been  adopted  must  be  very  nearly 
correct,  inasmuch  as  the  mean  calculated  calories  differ  very  little  from 
those  determined  by  actual  combustion.  In  calculating  the  calories  for 
wheat  products  both  the  factors  5.70  and  6.25,  for  converting  nitrogen 
into  proteid  matter,  have  been  used.  Inasmuch  as  the  calorific  power 
of  the  protein  is  slightly  greater  than  that  of  the  carbohydrates,  the 
total  calories,  as  calculated  by  the  factor  6.25,  are  slightly  greater  than 
those  calculated  by  the  factor  5.70.  In  the  case  of  breads  and  other 
baked  products  the  differences  are  not  so  great  as  we  had  anticipated, 
on  account  of  the  difficulty  of  completely  extracting  the  fat  and  oil 
from  a  bread.  The  indiridual  differences,  as  in  the  case  of  a  flour,  are 
somewhat  marked,  but  the  means  agree  very  closely. 

While  this  paper  was  writing,  in  point  of  fact  on  August  2,  1897,  we 
received  Bulletin  i^o.  33  of  the  Wyoming  Station  (June,  1897),  in  which 
Professor  Slosson  has  called  attention  to  work  similar  to  ours  which  he 
has  done  at  that  station.  The  factors  used  by  Professor  Slosson  differ 
slightly  from  those  which  we  have  adopted,  his  factor  for  fat  and  oil 
being  9,500,  for  protein  5,700,  and  for  carbohydrates  4,200.  In  19  sam- 
ples of  wheat  products  the  calculated  calories  from  analytical  data  by 
our  factors  are  4,472,  and  by  Slosson's  factors  4,447.  In  six  samx^les  of 
miscellaneous  cereal  products,  calculated  by  our  factors,  the  number  is 
4,833  and  by  his  4,810. 
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It  is  seen  by  the  above  that  the  mean  results  are  not  very  greatly 
different  from  the  two  sets  of  factors,  Slosson  gaining  in  liis  higher 
factor  for  fat  a  portion  of  what  he  loses  in  his  lower  factor  for  protein, 
as  compared  with  our  own  numbers. 

We  beg  to  call  attention  to  the  fact  that  in  the  light  of  the  data  here 
i:>resented,  we  can  with  reason  claim  that  the  determination  of  the  calo- 
rific power  by  combustion  under  pressure  in  oxygen  is  destined  to  be  a 
valuable  aid  to  the  analyst  in  serving  as  a  check  upon  the  analytical 
data.  We  are  further  warranted  in  believing  that  whenever  the  calcu- 
lated calories  and  the  analytical  data  in  hulled  cereals  and  cereal  prod- 
ucts differ  by  as  much  as  100  from  those  obtained  by  combustion,  the 
chemist  will  do  well  to  repeat  both  the  analj'sis  and  the  combustion  in 
order  to  discover  the  source  of  error.  The  calorimeter  in  this  way 
becomes  a  valuable  adjunct  to  the  chemist  in  his  work  from  a  purely 
analytical  point  of  view. 

Analyses  of  Wheat  Flours.  •     • 

In  the  following  tables  are  found  the  analytical  data  secured  by  the 
analysis  of  the  samples  of  flours.  The  calculated  calories  of  the  com- 
bustion are  obtained  from  the  data  based  on  the  factor  X  x  5.70  for 
the  total  proteids  present.  Since  the  correction  incident  to  the  sepa- 
rate determination  of  the  amid  nitrogen  would  be  extremely  small 
and  of  no  practical  value  it  is  not  given  in  the  subsequent  tables. 
In  the  following  analytical  tables  are  given  the  calories  calculated 
from  the  analyses  and  those  determined  by  direct  combustion.  The 
principles  on  which  the  calculations  have  been  made  are  those  already 
described.  In  the  case  of  flours  very  few  combustions  were  made,  by 
reason  of  the  fact  that  nearly  all  the  flours  were  analj^zed  during  the 
years  intervening  from  1892  to  1895.  Inasmuch  as  the  Department 
was  not  supplied  with  a  bomb  calorimeter  until  1897,  the  greater  part 
of  the  flour  samples  had  been  disposed  of,  and  therefore  no  compari- 
sons could  be  made  except  in  the  few  instances  indicated  in  the  table. 
Witb  the  cereal  products,  namel}',  bread,  breakfast  foods,  cakes,  bis- 
cuits, etc.,  a  nearly  complete  comparison  has  been  made.  All  the  num- 
bers obtained  have  been  entered,  whether  the  agreement  has  been  close 
or  not.  In  many  instances  there  is  quite  a  wide  divergence  between 
the  data  obtained  by  calculation  and  by  direct  combustion.  Ordinarily 
this  difierence  would  have  led  to  the  repetition  of  both  the  analytical 
and  combustion  work,  but  in  order  not  to  delay  any  longer  the  publi- 
cation of  the  bulletin  this  redetermination  has  been  omitted.  By  com- 
paring the  averages  in  eacli  case  it  will  be  seen  that  a  very  satisfactory 
agreement  has  been  secured,  showing  that  the  essential  principles  of 
calculation  which  have  been  developed  are  api)licable,  and  that  here- 
after they  will  undergo  only  slight  modifications,  based  upon  a  more 
extended  exiicrience. 
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Class  I. — Composition  of  patent  icheat  flours. 


Labo- 

rator\' 

No. 


10823 
10820 
10827 
10S28 
10829 
10831 
10834 
10835 
10837 
10839 
10841 
10842 
10843 
10844 
10845 
10846 
10852 
10857 
10858 
10862 
IISSO 
11881 
11888 
118S9 
11S91 
11894 
11S97 
11898 
11907 
11910 
12549 
12922 
12923 
12920 
12929 
12937 
12992 
159G1 
15962 
]5964 

Aver- 
age. 


Dry 

glaten. 


Ether 

ex- 
tract. 


Ash. 


Per  ct. 
13.02 
13.20 
13.28 
13. 11 
12.  88 
13.57 
14.00 
13.13 
12.97 
12.83 
13.08 

12.  9*7 
13.69 
12.75 
13.33 
13.95 
13.19 
12.82 
12. 13 
13.93 
13.27 
13.24 
12.26 
11.90 
12.39 
12.03 
13.61 

13.  62 
12.53 
12.49 
15.30 
11.62 
11.48 
10.74 
10.64 
11.40 

9.39 
12.09 
13.07 
]2  75 


Per  ct. 

8.84 

9.80 

11.51 

9.72 

9.19 

9.84 

9.46 

.10.  07 

11.20 

9.19 

10.15 

11.03 

9.37 

10.77 

11.03 

10.  33 

11.03 

10.68 

lu.42 

9.45 

9.45 

9.30 

9.28 

8.58 

6.83 

12.  05 

8.23 

9.98 

13.83 

14.53 

11.03 

9.63 

10.22 

12.44 

10.79 

12.56 

12.75 

14.94 

10.88 

10.60 


Per  ct. 
8.06 
8.94 

10.  50 
8.86 
8.38 
8.97 
8.03 
9.18 

10.27 
8.38 
9.20 

10.06 
8.55 
9.82 

10.  00 
9.  42 

10.00 
9.74 
9.50 
8.62 
8.62 
8.54 
8.46 
7.82 
6.23 

11.81 
7.51 
9.10 

12.61 

13.25 

10.06 
8.78 
9.32 

11.35 
9.84 

11.45 

11.63 

13.62 
9.92 
9.63 


Per  ct.\ 

23.09 

21.52 

20.72 
19.95 
19.43 
23.21 
23.04  i 
26.01 
29.52  I 
22.  25 
2.3.43 
28.30 
24.73 
27.49 
2S.  32 
24.59 
27.72 
20.74 
24.02 
22.  32 
23.40 
20.74 
24.00 
21.93 
17.92 
30.54 
20.13 
22.62 
t  40.73 
I  40.65 
i  28.95 
24.07 
28.99 
38.12 
32.43 
23.54 
!  30.70 


Per  ct. 

9.26 

8.76 

8.39 

7.75 

7.88 

9.38 

9.41 

10.03 

11.40 

9.05 

9.51 

U.17 

9.15 

10.41 

10.66 

10.51 

10.48 

10.  91 

9.48 

9.08 

8.84 

7.84 

9.01 

8.21 

6.38 

14.  03 

7.59 

8.36 

16.74 

14.99 

9.23 

9.34 

10.35 

13.85 

10.99 

9.14 

11.47 


Per  ct. 
0.97 
0.86 
0.96 
1.06 
0.87 
1.09 
0.81 
0.72 
1.14 
0.94 
0.95 
1.08 
0.95 
0.87 
0.72 
0.76 
1.13 
0.92 
0.91 
0.80 
1.03 
0.96 
1.13 
1.48 
1.11 
1.21 
1.10 
1.21 
0.79 
1.86 
0.32 
0.82 
1.14 
1.54 
1.14 
1.86 
1.06 
0.79 
0.82 
0.87 


Per  ct. 
0.37 
0.39 
0.45 
0.45 
0.36 
0.42 
0.33 
0.33 
0.43 
0.40 
0.37 
0.37 
0.50 
0.49 
0.45 
0.40 
0.49 
0.47 
0.48 
0.40 
0.39 
0.46 
0.48 
0.47 
0.39 
0.41 
0.38 
0.41 
0.51 
0.46 
0.89 
0.38 
0.44 
0.59 
0.44 
0.42 
0.41 
0.59 
0.53 
0.48 


Carbo-    Carbo- 

hy-  hy-       Crude 

drates.    drates,    fiber. 

Nx  6.25. 1^X9.70.; 


t     ^, 


Per  ct. 
76.80 
75.69 
3.80 
75.66 
76.70 
75.08 
75.34 
75.75 
74.20 
76.  64 
74.85 
74.  55 
75.49 
75.12 
74.47 
74.56 
74.16 
75.11 
76.06 
75.42 
75.86 
75.98 
76.85 
77.57 
79.28 
72.80 
76.68 
74.78 
72.34 
70.66 
72. 46 
77.55 
76.  7^2 
74.^ 
76.99 
73.76 
76.39 
71.59 
74.70 
75.30 


Per  ct. 
77.58 
76.55 
74.81 
76.52 
77.51 
75.95 
76.17 
76.64 
75.19 

,  77.  45 
75.  74 
75.52 
76.31 
76.07 

75.  44 
75.47 
75.13 

76.  05 
76.98 


77.67 
78.33 
79.88 
73.94 
77.40 
75.66 
73.56 
71.94 
73.43 
78.40 
77.62 
75.78 
77.94 
74.87 
77.51 
72.91 


Per  ct. 
0.15 
0.22 
0.19 
0.19 
0.15 
0.16 
0.16 
0.12 
0.13 
0.10 
0.14 
0.15 
0.14 
0.26 
0.16 
0.20 
0.15 
0.19 
0.14 
0.12 
0.10 
0.17 
0.22 
0.22 
0.15 
0.30 
0.15 
0.07 
0.25 
0.17 
0.82 
0.07 
0.15 
0.30 
0.20 
0.20 
0.47 
0.38 
0.42 
0.43 


Calcu- 
lated cal-  Ascer- 
orie.s  of    tained 
combus-  calories, 
tiou. 


3,  825. 1 
3.822.5 
3,  850.  8 
3,  835. 1 
3,  830.  7 
3,  820.  5 
3, 783.  7 
3,  827.  5 
3, 870.  0 
3, 834. 8 
3,  815. 8 
3,  865.  8 
3,  797.  9 
3,  855.  2 
3,  829.  0 
3,  796.  2 
3,  854. 1 
3,  854.  3 
3,  878.  3 
3,  785.  5 
3,  825. 4 
3,  818.  7 
3,  866.  4 
3,  888.  9 
3,  825.  8 
3,  914.  9 
3,  797.  2 
3,  736.  2 
3,  907.  0 
3,976.2 
3.707.4 
3,  887. 1 
3,916.0 
3,  995.  7 
3, 960. 1 

3. 993. 0 

4. 040. 1 
3,  939.  3 
3,  839. 3 
3,  852.  4 


3,971 
3,869 
3,862 


12.77       10.55 


9.  62     25.  97 


99!     1.02       0.44       74.76'     76.14       0.21    '3,858.0 


The  average  for  last  three  sample.?  to  be  compared  with  ascertained  calories  is  3,877. 
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Class  IL — Composition  of  coynmon  market  wheat  flours. 


Laboratory 
No. 


Moia- 


Prote-     Prote- 


ids, 


ids, 


Moist 


XX6.25.  Xa5. 


'-Q  gluten. 


Dry       Ether 
gluten,  extract. 


Ash. 


Carbo- 
hy- 
drates. 


drates,    fiber. 


N  X  6.25.  Xx  5.70. 


Per  ct.  Per  ct. 

10817 13  31  10.94 

10819 13.36  10.07 

10820 13.06  11.12 

10S22 13.71  8.84 

10833 13.57  11.51 

11882 12.13  6.65 

11883 12.10  8.67 

11884 12.32  6.92 

11885 12.15  8.05 

11886 11.70  7.18 

11887 12.71  9.98 

11890 12.30  9.45 

11892 12.38  8.40 

11893 11.54  7.88 

12547 13.93  12.08 

12556 13.37  11.55 

12918 9.28  15.94 

12919 ■  9.92  15.40 

12931 10.46  12.75 

Average .  12.  28  10. 18 


Per  ct.    Per  ct. 


9.18 
10.14 
8.06 
10.50 
6.06 
7.91 
6.31 
7.34 
6.55 
9.10 
8.62 
7.66 
7.19 
11.02 
10.53 
14.54 
14.04 
11.63 


24.57 
23.05 

22.48 
18.40 
29.90 
15.64 
21.61 
18.46 
21.59 
17.31 
29.43 
25.  22 
23.  41 
20.25 
13.20 
27.30 
44.81 
29.  .54 
40.30 


Per  ct. 
9.85 
9.48 
8.94 
7.31 
11.99 


7.15 
7.52 
6.61 
11.56 
9.46 
9.07 
7.71 
4.77 
9.20 
17.42 
11.64 
11.70 


5  I 


Per  ct. 
1.02 
1.06 
1.04 
0.86 
0.99 
0.97 
1.09 
0.82 
1.09 
0.95 
1.08 
1.27 
1.34 
1.41 
0.34 
0.63 
3.27 
3.84 
1.65 


Perct. 
0.40 
0.42 
0.50 
0.35 
0.49 
0.43 
0.46 
0.46 
0.45 
0.42 
0.73 
0.38 
0.49 
0.50 
0.46 
0.39 
1.62 
1.91- 
0.78 


Per  ct 
74.33 
75.09 
74.28 
76.24 
73.44 
79.82 
77.68 
79.48 


78.67 
73.19 
74.06 
09.89 
68.93 
74.30 


Per  ct. 
75.29 
75.98 
75.26 

77.02 
74.  4-) 
80.41 
78.44 
80.09 
^8.97 
JO.  38 
(6.38 
'7.43 
r8.13 
79.36 
74.  25 
75.08 
71.29 
70.29 
75.48 


78.26  1 

78.97 

0.17 

79.75  , 

80.38 

0.35 

75.50 

76.38 

0.40 

76.60  : 

77.43 

0.22 

77.39  1 

78.13 

0.25 

Perct. 
0.12 
0.22 
0.30 
0.25 
0.19 
0.22 
0.22 
0.25 
0.17 
0.35 
0.40 
0.22 
0.25 
0.27 
0.25 
0.27 

0,82 
0.32 


of  com- 
bustion. 


3.  845.  9 
.3,  831.  3 
3,  855.  9 
3,  ^90.  3 
3, 8r58.  5 
3,  824.  9 
3.  862.  5 
3,812.4 
3.851.2 
3.  850.  8 
3,  845.  3 
3,  878.  7 
3,  858. 1 
3,  888.  5 
3.  800.  3 

3.  833.  3 
4, 156. 1 
4,137.7 

4,  0i.9.  7 


,  28       24.  55 


9.21 


1.30       0.61       75.63       76.53       0.28      3.882.5 


Class  III. — Composition  of  bakers'  and  family  flour. 


Laboratory  i  Mois 
Xo.        I    ture 


I  Per  ct. 

10821 13.19 

10830 12.56 

10832 13.61 

11895 12.87 

11902 12.45 

11905 12.65 

11908 12. 40 

11909 12.60 

12916 10.14 

12917 10.21 

12924 ,  11.08 

12925 '  13.09 

12930 1  9.41 

12938 !  10.78 

Average .  I  11. 69 


Prote- 
id.s, 


Prote 
ids, 


Moist 


NX6.25.  NX5 


-q' gluten. 


Dry 
gluten. 


Ether 
extract. 


Per  ct. 
9.98 
9.98 
10.15 
13.83 
10.33 
11.38 
14.88 
14.70 
W.97 
14.33 
10.22 
11.83 

n.oo 

14.38 


Per  ct. 

9.10 

9.10 

9.26 

12.61 

9.42 

10.38 

13.57 

13.41 

13.65 

13.07 

9.32 

10.79 

10.03 

13.11 


Per  ct. 
24.36 
27.31 
2.5. 14 
36.42 
28.  65 
36.27 
45.84 
40.49 
48.18 
45.08 
32.49 
36.67 
32.33 
26.63 


Per  ct. 
9.79 
11.08 
10.34 
14.85 
11.29 
14.48 
16.99 
15.23 
16.55 
16.18 
11.61 
13.57 
11.70 
9.39 


Carbo-    Carbo-  ^^J^^* 

A.sh.  JlL.  .A-.  Sl"i^  eiioSes 
ot  com- 
bustion. 


drates,    draites,    fiber 
N  X  6.25.  Xx  5.70 


Per  ct. 
1.10 
0.82 
0.87 
1.45 
L06 
L44 
1.16 
1.50 
1. 


;;;;: 

1.11 ' 

1.60  1 

L21 

0.88 

Perct. 
0.41 
0.37 
0.45 
0.49 
0.09 
0.48 
0.51 
0.60 
0.79 
0.86 
0.49 
0.71 
0.50 
0.68 


Per  ct. 
75.  32 
76.27 
74.92 
71.36 
75.47 
74.05 
71.05 
70.60 
72.14 
72.  63 
70.50 
72.77 
77.88 
73.28 


Per  ct. 
76.20 
77.15 
75.81 
72.58 
76.38 
75.05 
72.  36 
71.89 
73.40 
73.89 
77.40 
73.81 
78.85 
74.55 


Perct. 
0.22 
0.19 
0.19 
0.25 
0.12 
0.17 
0.25 
0.32 
0.30 
0.27 
0.15 
0.22 
0.15 
0.27 


3.  839.  6 
3,  855.  3 
3,811.2 
3,  927.  2 
3.  862.  3 
3.  898.  5 
3,947.6 

3,  950. 1 
4,072.9 

4,  057.  7 
3.  903.  9 

3,  885.  4 

4.  016.  0 
3.  986.  4 


12.28  I     11.20  I     34.70  I     13.07         1.30       0.57 


73.  8T 


74.  98       0.  22     3.  929. 
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Class  IV. — Composition  of  miscellaneous  wheat  flours. 


Labo- 
ratory 
2so: 

Mois- 
ture. 

Prote- 

ids, 
NX  6.25. 

Prote- 
ids. 

NX  5.70. 

Moist 
gluten. 

Dry 

gluten. 

Ether 

ex- 
tract. 

Ash. 

Carbo- 
hy- 
drates, 

NX  6.25. 

Carbo- 
hy- 
drates, 

NX  5.70. 

Crude 
tiber. 

Calcu- 
lated cal- 
ories of 
combus- 
tion. 

Ascer- 
tained 
cal- 
ories. 

Perct. 

Per  ct. 

Per  ct. 

Per  ct. 

Per  ct. 

Perct. 

Per  ct. 

Per  ct. 

Per  ct. 

Per  ct. 

10818 

13.36 

12.43 

11.34 

26.38 

10. 12 

1.35 

0.44 

72.  42 

73.51 

0.14 

3,  882.  0 

10825 

13.13 

10.15 

9.26 

24.38 

9.62 

0.84 

0.37 

75.  51 

76.40 

0.21 

3,833.3 

10836 

12.70 

13.39 

12.21 

29.47 

11.40 

1.61 

1.03 

71.27 

72.45 

0.63 

3,913.0 

108S8 

13. 42 

8.32 

7.59 

20.26 

8.40 

0.74 

0.35 

77.17 

77.90 

0.09 

3,788.5 

10840 

13.75 

8.93 

8.14 

21.40 

8.44 

0.90 

0.40 

76.02 

76.81 

0.16 

3,790.0 

10847 

13.25 

10.07 

9.18 

22.07 

8.95 

1.07 

0.48 

75.13 

76.02 

0.19 

3,833.9 

10848 

13.55 

9.28 

8.46 

22.52 

8.59 

1.08 

0.50 

75.59 

76.41 

0.15 

3,  808.  8 

10849 

13.42 

11.29 

10.30 

27.90 

11.32 

1.12 

0.45 

73.72 

74.71 

0.19 

3,  302.  8 

10850 

13. 55 

10.33 

9.42 

24.09 

9.52 

0.96 

0.47 

74.69 

75.60 

0.13 

3,  820.  2 

10851 

13.39 

9.98 

9.10 

25.07 

9.91 

0.97 

0.46 

75.20 

76.08 

0.14 

3,  822  4 

10853 

13.33 

10.85 

9.90 

27.74 

11.30 

1.12 

■0.52 

74.18 

75.13 

0.17 

3,  843. 7 

10854 

13.07 

10.68 

9.74 

26.52 

10.44 

0.98 

0.48 

74.79 

75.73 

0.13 

3,  846.  4 

10855 

13.36 

10.59 

9.66 

26.48 

10.07 

0.86 

0.54 

74.65 

75.58 

0.17 

3,  824.  2 

10856 

13.02 

10.42 

9.50 

28.98 

10.87 

1.04 

0.56 

74.90 

75.88 

0.18 

3, 844.  2 

10860 

11.96 

9.54 

8.70 

21.03 

7.91 

0.83 

0.43 

77.24 

78.08 

0.13 

3,  869. 9 

10861 

13.02 

9.37 

8.55 

23.35 

9.30 

0.69 

0.40 

76.52 

77.34 

0.11 

3,  816.  9 

11102 

12.44 

11.38 

10.38 

27.87 

10.73 

1.85 

0.62 

73.71 

74.71 

0.27 

3,  922.  3 

11103 

11.99 

9.72 

8.86 

25.75 

10.00 

0.97 

0.67 

76.65 

77.51 

0.13     3,868.3 

11896 

13.53 

8.40 

7.66 

20.05 

7.53 

1.05 

0.35 

76.67 

77.  41 

0.25 

3,  800.  9 

11900 

13.08 

8.93 

8.14 

23.47 

8.77 

1.02 

0  32 

76.65 

77.44 

0.20 

3,  827.  6 

11901 

12.76 

8.93 

8.14 

25.  01 

9.70 

1.09 

0.40 

76.82 

77.61 

0.17 

3,841.2 

11903 

12.  08 

9.45 

8.62 

26.35 

10.  34 

1.16 

0.44 

76.87 

77.70 

0.22 

3,  879.  8 

11904 

12.55 

8.40 

7.66 

21.73 

8.73 

1.04 

0.32 

77.69 

78.43 

0.17 

3, 842.  8 

11906 

12.60 

12.43 

11.34 

39.91 

15.53 

1.20 

0.41 

73.36 

74.45 

0.15 

3,  907.  6 

12548 

15.71 

10.68 

9.74 

27.09 

8.41 

0.28 

0.79 

72.54 

73.48 

0.30 

3,  680.  8 

12552 

12.67 

12.60 

11.49 

37.24 

13.53 

0.88 

0.55 

73.30 

74.41 

0.25 

3,  885.  0 

12909 

13.39 

8.f5 

7.98 

21.88 

8.21 

0.93 

0.37 

76.56 

77.33 

3,  805.  2 

12910 

12.63 

9.81 

8.95 

26.21 

9.92 

1.14 

0.44 

75.98 

76.84 

3,861.4 

12911 

11.30 

10.07 

9.18 

29.90 

11.12 

1.14 

0.49 

77.  CO 

77.89 

3,  919. 1 

12912 

11.50 

11.47 

10.46 

35.88 

12.15 

1.40 

0.70" 

74.93 

75.94 

. . . 

3,  930. 8 

12913 

11.72 

9.44 

8.61 

28.67 

10.09 

1.06 

0.52 

77.26 

78.09 



3,  886.  3 

12914 

11.90 

11.32 

10.  32 

35.22 

13.23 

1.33 

0.52 

74.93 

75.03 

0.27 

3,  921.  7 

12915 

11.48 

11.  72 

10.69 

34.61 

13.04 

1.23 

0.48 

75.09 

76.12 



3,  942.  2 

14307 

10.27 

9.75 

8.89 

1.18 

0.18 

78.62 

79.48 

0.44 

3,  972.  4 

3,  780.  0 

15262 

12.08 

13.75 

12.54 



1.93 

0.90 

71.34 

72.55 

0.74 

3,  966.  5 

3, 990. 0 

15275 

11.54 
12.96 

10.81 
13.32 

9.86 
12,15 

0.78 
1.06 

0..39 

0.57 

76.48 
72.  09 

77.39 
73.26 

0.47 
0.45 

3,  904.  6 
3,  892.  3 

3,  918. 0 
3,  930.  0 

15963 



Aver- 
age. 

12.73 

10.45 

9.52 

26.80 

10.22 

1.08 

0.49 

75.  23 

76.15 

'0.25 

'  3,  846.  3 

3,  904.  5 

'  The  average  for  last  four  samples  to  be  compared  with  ascertained  calories  is  3, 934. 


MOISTURE    IN    FLOUR. 
Class  V. — Compofsil'ion  of  self-raising  uhfaf  ftou) 


12o7 


^^^•^^    Mois- 

Prote- 

ids, 
y  ■  6.25. 

Xx5.70.gl"^«- 

Dry 
gluten. 

Ether 

ex- 
tract. 

Ash. 

Carbo-    Carbo- 

hy-          hy- 
drates,   drates. 
KX 6.25.  NX 5. 70. 

1 

Crude 
fiber. 

Calcu- 
lated cal-  Aocer- 

oriesot    tain*:^ 
combu.s-  calories 

tiOD. 

Per  ct. 

Fer  ct. 

Ferct.    Ptr  ct. 

Fer  ct. 

Fer  ct. 

Fer  ct. 

Fer  ct. 

Per  ct. 

Per  ct. 

10824     12.  14 

9.72 

8.  86     20.  68 

8.18 

0.75 

4.30 

73.09 

T.i.  95 

0.  IG 

3,698.4    

10859     12. 91 

9.19 

8.  38     27. 12 

9.9:j 

0.57 

3.65 

73.68 

74.49 

0.11 

3,676.0    

12.554      11. 90 

10.85 

9. 90     30.  22 

9.96 

U.  70 

4.00 

72.  55 

73.50 

0.12 

3.736.2    

12.555      12.12 

10.  65 

9.  71     29.  84 

10.53 

0.64 

3.95 

72.64 

73.58 

0.10 

3,722.8    

14:{65       9. 78 

9.81 

8.95    

0.77 

4.88 

74.76 

75.62 

0.39 

3,  775.  7         3,  700 

14S7'}       9  83 

H.25 

7  5'^ 

0.79 

5.92 

75.21 

75.94 

0.37 

3  7(>6  6          3  7*i4 

Aver- 
age.   11.45 

9.75 

8.89  j  26.97 

9.65 

0.70 

4.45 

73.66 

74.51 

0.21 

'3,719.3         3,712 

The  average  for  last  two  samples  to  be  coinitared  with  as(erraiue<l  <alories  is  3.741.2. 
Class  VI. — Composition  of  gluten  icheat  Jlonrs. 


Labo      ,r   •         Prote-     Prote- 
ratoiv     r^''^"''        ids.         ids, 
Xo.'      ^"'^''-     N  X  6.2a  Xx  5.70. 


gluten,   gluten,  extract.. 

I        I        ! 


Carbo-      Carbo- 

Ach  J'y-  ^y-        Crude 

^^"-      drates.      d  rates,      fiber. 

X  X  6  25.  N     5.70. 


Calcu- 
lated cal- 
ories of 
combus- 
tion. 


Per  ct.    Fer  ct.    Fer  ct.     F-  r  ct.    Fer  ct.    Fer  ct.     Fer  ct.      Per  ct.      Fer  ct.     Fer  ct. 
12553,     12.99,     1-3.30        12.13        o9. 68        14.84  1.05         0.55         72.11  73.28         0.32       3. 8:)1. 1 


DI.»CUSSIUN    OF    RESULTS — CLA.>;S    1.      . 

The  samples  whose  analyses  are  given  under  Class  I  maybe  regarded 
as  represeritiDg  the  best  high-grade  patent  wheat  flours  on  our  markets. 
As  lias  been  previously  noted,  we  can  not  be  certain  that  the  classifi- 
cation here  made  is  entirely  correct.  It  is  more  than  probable  that 
some  samples  of  low-grade  flours  are  included  in  the  table  on  account 
of  the  names  which  they  bear.  On  the  contrary,  it  is  equally  probable 
that  some  of  the  higliest  grade  flours  are  found  in  the  other  tables. 
The  reader  must  ngain  be  cautioned  in  regard  to  this  classification, 
that  it  is  not  rigid,  and  that  it  is  no  expression  of  commendation  of  a 
sample  to  have  it  placed  in  one  or  another  of  tiie  classes  under  consider- 
ation. In  the  classification  the  only  guide  at  our  disj^osal  Avas  the  name 
and  description  of  the  sample,  and  this  has  been  used  as  judiciously  as 
l^ossible  in  grouping  the  samples  into  the  various  classes. 

Moisture. 

In  the  samples  of  Class  I  there  is  an  extremely  uniform  ])ercentage 
of  moisture.  The  variations  from  the  mean,  which  is  12.77,  are  usually 
very  small.  The  extreme  plus  variation  is  found  in  sample  Xo.  12r)4i>, 
with  a  content  of  moisture  of  15.30  per  cent,  the  variation  being  2.52 
per  cent  in  this  case.  The  minimum  percentage  of  water  is  found  in 
sample  Xo.  12992,  containing  9.39  per  cent,  a  variation  from  the  mean 
of  3.38  per  cent. 

The  data  show  that  the  flours  of  this  grade  are  placed  ui)()n  our 
17498— Xo.  13 7 


1258  FOODS  AND  FOOD  ADULTERANTS. 

markets  under  ver}^  uniform  conditions  in  respect  of  moisture.  This 
arises  eitber  from  the  fact  that  the  quantity  of  moisture  in  the  grains 
from  which  the  flours  are  made  i>>  remarkably  constant,  or  that  the 
flours  when  prepared  exhibit  equal  hygroscopic  properties  which  tend 
to  regulate  the  quantitj^  of  moisture  therein  ccmtained.  The  only 
marked  variations  from  the  mean  percentage  of  moisture  are  found  in 
the  two  samples  mentioned  above  and  in  No.  10834.  Leaving  out  of 
consideration  these  three  sami)les,  the  remarkable  uniformity  of  mois- 
ture is  made  more  strikingly  a])parent. 

Froteicls. 

Uniformity  of  composition  as  regards  moisture,  which  is  mentioned 
in  the  i^receding  paragraph,  is  no  longer  shown  when  we  consider  the 
percentage  of  proteids  in  the  different  samples.  In  the  following 
remarks  the  second  column  of  proteids,  viz,  those  obtained  by  1*^x5.70, 
is  referred  to.  The  mean  percentage  of  proteids  in  the  high-grade 
flours  is  9.62.  The  variations,  however,  are  more  marked  than  in  the 
case  of  moisture,  although  this  variation  is  more  apparent  than  real. 
The  actual  maximum  and  minimum  departures  from  the  standard  are 
found  in  sample  No.  11910,  with  a  plus  variation  of  3.63  per  cent,  and 
in  sample  No.  11891,  with  a  nunus  variation  of  3.39  per  cent.  In  com- 
paring the  two  samples  it  is  seen  that  No.  11891  has  less  than  half  as 
much  proteid  matter  as  No.  11910. 

As  has  been  shown  in  previous  bulletins  of  this  division,  the  influ- 
ence of  climate  and  soil  upon  the  content  of  proteid  matter  in  wheat 
is  extremely  marked,  and  inasmuch  as  samples  of  wheat  flour  bought 
in  the  open  market  can  not  always  be  traced  to  any  particular  locality, 
it  is  not  surprising  that  this  striking  variation  in  proteid  matter  should 
be  found.  Again,  it  must  be  considered  that  the  quantity  of  proteid 
matter  in  a  high-grade  wheat  tiour  is  uniformly  less  than  in  the  whole 
wheat  grain,  since  in  the  separation  of  the  germ  and  of  the  bran,  or  of 
the  next  to  the  outer  coating,  the  pa  tides  of  the  grain  which  are  less 
rich  in  starch  and  more  rich  in  proteid  matter  are  removed.  A  few 
other  samples  show  quite  wide  variations  from  the  mean,  notably  No. 
11889  and  11897  with  a  deficit  of  proteid  matter,  and  No.  11907  with  an 
excess.  Leaving  out  the  five  samples  mentioned  above  as  showing 
extreme  variations,  the  other  samxfles  show  quite  a  uniform  composition 
in  respect  of  proteid  matter.  A  simple  determination  of  nitrogen,  as 
has  already  been  indicated,  is  not  sufficient  to  determine  the  value 
of  the  saujple  in  respect  to  this  constituent. 

The  wheat  kernel,  as  has  been  stated  before  in  this  bulletin,  contains 
two  proteid  matters  which,  in  the  presence  of  water,  unite  to  form  the 
gluten.  It  is  this  glutinous  portion  of  the  proteid  matter  present — 
constituting,  in  fact,  nearly  the  whole  of  it — to  which  wheat  flour  owes 
its  high  character  as  a  bread  making  material.  Gluten  also  varies  in 
its  qualities,  so  that  the  determination  of  the  moist  and  dry  gluten, 
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while  it  gives  approximately  tbe  glutinous  characteristics  of  the  flour, 
does  not  always  poitraj^  them  exactly.  The  quality  of  the  gluten  which 
gives  it  its  high  value  is  found  in  its  ability  to  entangle  and  hold  i)ar- 
ticles  of  gas.  louring  the  process  of  fermentation  which  takes  place  in 
the  raising  of  bread,  particles  of  carbon  dioxid  are  set  free  by  the 
decomposition  of  the  sugar  of  the  Hour  and  its  conversion  into  carbon 
dioxid  and  alcohol.  After  the  fermentation  has  gone  far  enough  and 
the  bread  is  placed  in  the  oven,  the  particles  of  carbon  dioxid  which 
are  entangled  in  the  gluten  expand  during  the  early  part  oi"  the  bak- 
ing, and  the  alcohol  which  is  present  in  a  liquid  state  is  volatilized  and 
acts,  while  in  this  condition,  in  tlie  same  manner  as  the  carbon  dioxid 
itself.  The  result  is  that  on  baking  a  loaf  which  has  been  ijroperly 
fermented  we  secure  a  mass  of  material  which  is  spongy  and  porous, 
and  this  condition  has  been  made  possible  by  the  presence  of  the  glu- 
ten, which  expands  in  minute  hollow  si)]ieroids,  carrying  with  them 
the  starchy  particles  of  the  loaf.  Before  the  temperature  has  reached 
a  sufficient  degree  to  set  the  gluten  the  expansion  is  complete,  having 
taken  place  principally  during  the  fermentation  state  and  partially 
during  the  early  i:)arts  of  the  baking. 

Other  cereal  grains  contain  either  no  gluten  at  all  or  a  much  less 
quantity,  and  of  a  much  poorer  quality  than  the  wheat.  It  is  for  this 
reason  that  wheat  is.  among  all  the  cereals,  the  most  highly  prized  for 
bread-making  purposes.  There  is  no  reason,  hosvever,  for  believing 
that  the  gluten  is  any  more  nutritious  than  any  other  form  of  the  pro- 
teid  matters  occurring  in  cereals,  which  are.  nevertheless,  incapable 
of  showing  the  j)henomenon  just  described  as  taking  i)lace  during 
panification. 

Drij  fjhiien. 

By  reason  of  the  indefinite  character  of  the  determination  of  dry 
gluten,  it  is  not  surprising  to  find  wide  variations  in  the  different  sam- 
ples. Beginning  with  a  mean  of  9.99  per  cent,  which  is  greater  than 
the  total  proteid  matter  of  the  tlour,  we  find  constant  variations  from 
this  mean  in  the  different  samples.  The  maximum  variation  is  found 
in  sample  Xo.  11907.  with  a  content  of  dry  gluten  of  16.74  i^er  cent, 
showing  a  variation  from  the  mean  of  6.75  per  cent.  The  other  extreme 
is  shown  in  sample  No.  11891,  where  the  dry  gluten  amounts  to  only 
6.38  per  cent,  a  variation  from  the  mean  of  .').61  per  cent.  In  general, 
it  is  seen  that  there  is  a  common  agreement  in  the  tiours  between  the 
percentages  of  dry  gluten  and  of  total  proteid  matter.  In  other  words, 
those  samples  which  have  a  remarkably  high  content  of  total  proteid 
matter  also  show  a  high  content  of  dry  gluten.  This  is  illustrated  by 
]Jsos.  11907,  11910,  and  11894.  Each  of  these  samples  has  a  high  con- 
tent of  dry  gluten  and  a  high  content  of  total  proteid  nmtter,  and  the 
sam])les  having  the  highest  content  of  dry  gluten,  it  is  seen,  have  the 
highest  content  of  total  proteid  matter. 
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Moist  gluten. 

In  moist  gluteu  the  variations  are  still  more  marked.  The  mean 
content  of  moist  gluten  in  the  samples  is  25.97  per  cent.  The  maxi- 
mum content  is  found  in  sample  ^o.  11907,  namely,  40.73  per  cent. 
The  minimum  content  is  found  in  sample  No.  11891,  namely,  17.92  jier 
cent.  The  general  rule  is  also  shown  here;  namely,  that  those  flours 
with  a  high  content  of  total  proteid  matter  and  a  high  content  of  dry 
gluten  also  show,  as  a  rule,  a  high  content  of  moist  gluten,  and  the 
reverse.  This  is  well  illustrated  on  the  one  hand  by  Nos.  11907  and 
11910,  and  on  the  other  by  Kos.  11891  and  10829.  As  has  been  stated 
before,  the  content  of  moist  gluten  is  a  factor  of  great  importance  to 
bakers,  as  it  is  possible  to  produce  a  loaf  from  flour  of  this  quality 
which  contains  a  higher  percentage  of  water  than  would  be  found  in 
bread  from  a  flour  which  has  a  low  ])ercentage  of  moist  gluten.  In 
domestic  bread  making  this  is  a  matter  of  no  tinancial  importance,  but 
where  loaves  are  bought  by  weight  it  is  easily  seen  that  much  less 
nutriment  is  secured  in  the  purchase  of  a  loaf  with  40  per  cent  of 
water  than  is  obtained  in  the  purchase  of  one  of  the  same  weight  with 
30  per  cent  of  water.  Aside  from  this,  however,  a  flour  which  yields 
a  high  content  of  moist  gluten  lends  itself  more  readily  to  the  fabrica- 
tion of  a  loaf  of  greater  porosity  and  sponginess;  so  that,  aside  from 
the  higher  content  of  water  in  such  a  loaf,  there  are  many  advantages 
in  using-  a  flour  with  a  high  content  of  moist  gluten. 

Ether  extract. 

The  average  quan"*"ity  of  matter  soluble  in  anoydrous  ether  present 
in  a  flour  of  the  first  class  is  1.02  per  cent.  The  maximum  content  of 
ether  extract  in  any  sample  is  found  in  No.  12926,  where  it  rises 
to  1.54  per  cent.  The  minimum  is  found  in  sample  No.  12549,  wliere  it 
sinks  to  0.32  per  cent.  The  relative  quantity  of  ether  extract  which  is 
obtained  from  a  flour  depends  almost  solely  upon  the  degree  of  perfec- 
tion with  which  the  grain  is  freed  from  its  germ.  Where  a  j)ortion 
of  the  germs  is  left  in  the  product  the  ether  extract  will  be  high» 
Where  the  germs  are  almost  completely  removed  the  ether  extract 
will  be  low.  These  statements  are  strictly  applicable  where  samples 
of  wheat  contain  practically  the  same  quantity  of  fat  or  oil.  A  glance 
at  the  table  of  ether  extracts  will  therefore  reveal  Avith  a  good  deal  of 
accura(*.y  the  degree  of  germ  extraction  which  is  reached  in  the  mill- 
ing. The  fat  is  a  valuable  food,  but  it  must  not  be  supposed  that  the 
whole  of  the  ether  extract  is  composed  of  fat.  Resins,  chlorophyll 
and  coloring  matter  soluble  in  ether  are  found  also  in  connection  with 
the  fat  or  oil  in  ether  extract.  The  food  value  of  the  ether  extract 
is  not,  therefore,  as  a  rule,  to  be  based  upon  the  total  percentage,  but 
upon  a  certain  proportion  thereof.  It  is  probably  safe  to  say  that  75 
per  cent,  at  least,  of  the  ether  extract  is  composed  of  pure  glycerides, 
and  possibly  a  larger  proportion. 
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Content  of  anh. 

The  content  of  ash.  as  is  the  case  with  the  content  of  ether  extract, 
is  ([uite  a  reliable  index  of  the  character  of  the  milling  to  which  the 
wheat  has  been  subjected.  In  proportion  as  the  external  coverings  of 
the  wheat  grain  are  removed  will  the  content  of  ash  fall.  The  mean 
I'Crcentage  of  crude  ash  in  the  samples  is  0.44  per  cent.  The  remark- 
able uniformity  of  the  data  shows  that  the  milling  processes  are  practi- 
callj'  the  same  in  all  cases  exce[)t  in  respect  to  the  thoroughness  with 
which  the  external  coats  of  the  wheat  gxains  are  removed.  The  ma^^i- 
miim  percentage  of  crude  ash  in  the  samples  is  found  in  Xo.  12.549, 
viz.  0.89  per  cent.  The  minimum  percentage  is  found  in  samples  Xo. 
10834  and  No.  10835,  each  of  which  has  0.33  per  cent.  The  mineral 
matters  of  the  ash  are  composed  chiefly  of  potash  and  phosphoric  acid, 
as  is  seen  in  the  data  representing  the  analyses  of  the  ash  and  of 
flours  given  on  page  1212. 

Carbohydrates. 

The  discussion  of  the  percentage  of  carbohydrates  will  be  based  on 
the  data  obtained  in  the  column  headed  -'Carbohydrates,  N  x  5.70." 
The  mean  percentage  of  carbohydrates  in  the  flours  examined  is  76.14. 
The  variations  Irom  this  mean  are  very  slight,  considering  its  magni- 
tude. The  maximiAn  percentage  of  carbohydrates  is  found  in  sample 
Xo.  11891.  viz.  79.88  per  cent;  the  njinimum  percentage  of  carbohy- 
<lrates  is  found  in  sample  Xo.  11910,  viz.  71.94  per  cent.  The  variations 
from  the  mean  in  these  two  instances  are.  respectively.  2.74  per  cent  and 
4.20  per  cent. 

As  has  been  previously  exiflained.  the  carbohydrates  of  this  column 
present  the  whole  of  the  carbohydrates  of  the  wheat  flour.  The  most 
important  of  them,  from  the  bakers  and  the  nutritive  standpoint,  are 
the  staich  and  sugar:  the  sugar  by  reason  of  its  undergoing  fermenta- 
lion  in  the  process  of  raising  the  bread,  and  the  starch  on  account  of 
its  large  quantity  and  food  value.  The  quantities  of  crude  fiber, 
pentosans,  dextrin,  and  other  carboln^drates  in  wheat  flour  are  quite 
insigniticaui.  probably  amounting  to  less  than  0.5  per  cent  in  all. 
These  bodies,  therefore,  have  little  importance  from  a  practical  or 
dietetic  point  of  view.  The  mean  percentage  of  fiber  in  the  flours  of 
Class  I  is  about  0.2  per  cent. 

The  cabohydrates  of  patent  flours  include  the  following  bodies  in 
the  ])roi)ortions  mentioned: 

IVr  cent. 

8ucrose 0. 10 

Dextrin,  galactiu,  and  soluble  starch 0.20 

Pentosans  and  redncin«r  sugars Trace. 

Crude  tiber 0. 1'O 

Starch  (proteid  factor.  .").7u  i 7.">.  HO 
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DISCUSSION   OF   RESULTS — CLASS   II. 

The  chemical  composition  of  the  common  market  wheat  flours  is  not 
very  greatly  different  from  that  of  the  high  grade  patent  flours  already 
mentioned.  It  is  seen  that  the  common  flours  have  slightly  less  moist- 
ure, almost  exactly  the  same  quantity  of  proteids,  less  gluten,  higlier 
ether  extract,  higher  ash,  and  higher  crude  fiber.  This  shows  that  m 
the  milling  process  by  which  these  flours  are  made  there  is  not  so  per- 
fect a  degermination  as  in  the  other  instance,  nor  is  there  such  a  perfect 
separation  of  the  branny  materials,  as  is  indicated  by  the  higher  con- 
tent both  of  ash  and  of  crude  fiber.  From  a  dietetic  point  of  view^ 
however,  there  is  scarcely  any  difference  between  the  two  typical  flours. 
The  carbohydrates  of  the  common  market  flours  are  approximately 
composed  of  bodies  in  the  proportions  noted  in  the  following  table: 

Per  cent. 

Sucrose 0.  2,> 

Dextrin,  i;alactiii,  and  soluble  starch 0,20 

Cnide  liber 0.80 

Pentosans  and  reducing  sugars 0.  Ul 

Starch  (proteid  factor  .5.70) 75.  80 

DISCUSSION   OF   RP:SULTS — CLASS   III. 

The  mean  data  showing  the  composition  of  bakers'  and  family  flours 
vary  only  slightly  from  the  mean  composition  of  the^wo  classes  already 
studied.  The  remarkable  uniformity  of  moisture  will  be  noted.  The 
content  of  ash  in  the  family  fiours  is  higher  than  that  in  the  high-grade 
patent  flours,  but  slightly  lower  than  in  the  flours  of  Class  II.  The 
most  marked  variation  in  the  samples  is  found  in  the  content  of  gluten^ 
both  the  moist  and  the  dry  gluten  in  the  bakers'  and  family  flours  being 
considerably  in  excess  of  the  same  constituents  in  Classes  I  and  11. 
In  fact,  the  glutens  in  this  class  of  flours  are  nearly  as  abundant  as  in 
the  single  sample  of  the  so  called  gluten  flour  comprising  Class  YK 
It  is  evident  that  flour  which  is  made  especially  for  bakers'  use,  there- 
fore, belongs  to  that  class  known  as  "strong"  flour,  containing  a  high 
content  of  gluten,  and  affording  a  material  which  will  make  a  bread 
holding  a  large  excess  of  water. 

The  variations  in  Class  III  in  important  constituents  are  well  marked. 
The  minimum  percentage  of  proteids  is  9.1,  found  in  samples  Nos.  10821 
and  10830.  The  maximum  percentage  is  found  in  sample  ^o.  11908^ 
where  it  rises  to  13.57.  In  many  instances  it  will  be  observed  that  the 
dry  gluten  is  greater  in  quantity  than  the  whole  of  the  proteid  matter. 
The  reason  for  this  has  been  previously  given.  The  ash  varies  from 
0.37  per  cent  iu  sample  No.  10830  to  0.86  in  sample  IS^o.  12917.  In 
respect  to  the  carbohydrates  and  other  constituents,  the  same  general 
remarks  may  be  made  as  were  applied  in  Class  I.  The  least  quantity 
of  carbohydrates,  viz,  72.36  per  cent,  is  found  in  sample  No.  11908,' and 
the  highest,  viz,  78.85  per  cent,  in  sample  No.  12930. 
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The  carboliydrates  of  this  class  of  flours  ar(5  composed  approximately 
of  the  following  constituents  in  the  proi)ortions  named: 

IV- 1  cf-ut. 

Sucrose 0. 10 

Dextrin  and  galactin 0. 15 

( "riule  ti  ber 0.  25 

F'eiitosaus  and  reducing  sugars Trace. 

Starch  Tproteid  factor  5.70) 75.  G5 

DlSCrsSIOX    OF    RESULTS — CLASS   IV. 

The  miscellaneous  wheat  flours,  as  has  already  been  explained,  have 
been  grouped  together  from  those  where  the  descriptions  were  iusnf- 
ticient  to  place  them  in  any  of  the  other  classes.  They  therefore  repre- 
sent the  general  run  of  ordinary  flours  found  upon  the  market.  In  the 
data  giving  the  mean  composition  of  these  flours  we  find  again  a  remark- 
able agreement  with  those  of  the  other  classes.  The  figures  for  dry 
and  moist  gluten  are  very  close  to  those  of  Class  I,  as  are  those  also  for 
the  pioteids.  The  mean  data  for  the  other  constituents  show  a  general 
agreement  with  the  preceding  classes,  especially  Classes  I  and  II.  Con- 
siderable variations  of  composition  are  noted  in  individual  cases.  The 
smallest  percentage  of  proteids^  namely,  7.59,  is  found  in  sample  Xo. 
11)838,  and  the  highest,  viz,  12.21,  in  Xo.  108:36.  The  highest  content  of 
ash  is  in  sample  Xo.  10836.  This  sample,  however,  is  marked  ••  Flour 
of  the  entire  wheat,''  and  hence  is  supposed  to  contain  all  i^arts  of  the 
wheat  grain  except  the  outer,  branny  layer.  The  large  increase  in  the 
ash  in  this  sample  is,  tlierefore,  due  to  the  incoi-jjoration  of  a  large  por- 
tion of  the  bran  in  the  flour.  This  is  a  sample  which  would  be  more 
properlj'  compared  with  Graham  flours  than  with  ordinary  wheat  flours. 
The  smallest  quantity  of  ash.  viz.  0.32  per  cent,  is  found  in  sample  Xo. 
11900. 

DESLPaPTIOX   OF    RESULTS— CLASSES    V    AND    VI. 

Tiie  number  of  samples  embraced  in  these  two  classes  is  not  large 
enough  to  warrant  an  extended  discussion.  In  the  self  raising  flours 
the  natural  increase  to  be  looked  for  would  be  in  the  ash.  and  this 
shows  that  about  3h  per  cent  of  mineral  matter  had  been  added  in  the 
form  of  baking  powders  ;  in  other  words.  3.^  pounds  of  the  baking 
powder  are  found  in  each  100  pounds  of  the  mixture.  This  addition  of 
mineral  matter  naturally  produces  a  corresponding  decrease  in  the 
other  ingredients,  measured  in  per  cents.  The  single  sample  of  so- 
called  gluten  wheat  flour  is  seen  by  the  data  to  be  made  of  a  wheit  not 
exceptionally  rich  in  proteids.  Many  examples  of  a  wheat  with  a 
higher  percentage  of  gluten  are  found  in  the  preceding  classes. 

Typical  A>n.RicAX  Flours. 

From  a  careful  study  of  the  foregoing  data  it  is  possible  to  arrive  at 
a  correct  idea  of  the  composition  of  typical  American  flours  of  the 
classes  indicated  above. 
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HIGH-GRADE   PATENT   FLOUR. 

A  high-grade  American  patent  flour  has,  approximately,  the  following 
campositiou : 

Per  cent,   i  Per  cent. 

Moisture - .   12.  75     Ether  extract 1.  00 

Proteids  (N  X  6.25) 10.  ,50     Asli 0.59 

Proteicls  (N  X  5.70) 9.50     Carbohydrate.s  (N  x  6.25) 75.25 

Moist  gluten 26.  00     Carbohydrates  (N  x  5.70) 76.  25 

Dry  gluten 10.00  !  Crude  liber U.  20 

COMMON   MARKET   WHEAT   FLOUR. 

It  is  evident  that  the  flours  commonly  placed  upon  tlie  market  in 
bulk  in  any  given  locality  will  vary  in  composition  according  to  the 
composition  of  the  wheat  from  which  they  are  made  and  the  kind  of 
milling  process  by  which  they  are  produced.  If  the  flours  in  any  given 
locality  are  formed  irom  the  wheats  of  the  neighborhood,  they  would 
evidently  partake  of  the  character  of  those  varieties  of  wheat.  It  is 
probable  that,  as  a  whole,  the  tiours  which  are  exposed  for  sale  in  a 
market  like  that  of  Washington  will  be  representative  of  the  flours  of 
the  whole  country,  as  very  little  of  the  local  supply  comes  from  the 
wheat  grown  in  the  vicinity.  The  data  obtained,  therefore,  from  the 
analyses  of  a  large  number  of  samples  bought  in  the  open  market  may 
be  relied  upon  as  giving  a  fair  indication  of  what  a  typical  common 
market  bulk  flour  is.  The  composition  of  such  a  typical  flour,  as  indi- 
cated by  the  data,  is  approximately  as  follows: 

Per  cent.  Per  cent. 

Moisture 12.25  Ether  extract 1.30 

Proteids  (N  X  6.25) 10.20  Ash 0.60 

Proteids  (N  x  5.70) 9.30  Carbohydrates  (N  x  6.25) '...   75.65 

Moist  gluten 24.50  Carbohydrates  (N  X  5.70) 76.55 

Drygluteu 9.25  Crude  liber 0.30 

bakers'  flours. 

The  typical  American  flour  which  is  sold  under  the  name  of  bakers' 
flour  and  which,  as  a  rule,  is  regarded  as  somewhat  inferior  to  the 
high-grade  patent  flours,  has  a  composition  which,  as  determined  by 
the  foregoing  analyses,  is  approximately  represented  by  the  following 
numbers: 

Per  cent.   |  .  Per  cent. 

Moisture 11.75  Ether  extract 1.30 

Proteids  (N  X  6.25) 12.  30  |  Ash 0.60 

Proteids  (N  X  5.70) 11.20  1  Carbohydrates  (N  x  6.25) 74.05 

Moist  gluten .34.70  I  Carbohydrates  (N  x  5.70) 75.15 

Dry  gluten 13. 10  j  Crude  fiber 0.  20 

Again  we  are  struck  here  with  the  practically  identical  composition 
of  the  bakers'  flours  with  the  high-grade  patent  flours.  The  chief  dif- 
ferences are  found  in  the  fact  that  the  bakers'  flours  are  drier,  contain- 
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ing  about  1  per  cent  less  moisture.  They  have,  too,  a  distinctly  higher 
percentage  of  proteids  as  compared  with  the  high-grade  tiours.  due  to 
the  fact,  doubtless,  that  large  quantities  of  the  outer  part  of  the  ker- 
nels enter  into  the  composition  of  these  flours.  The  quantities  of 
gluten  are  more  than  correspondingly  increased,  which  indicates  that 
the  glutinous  part  of  the  proteids  tends  to  accumulate  in  tiours  of  ihis 
character,  and  this  is  due  to  the  nature  of  the  milling  process  and  to 
the  separation  of  the  various  parts  of  the  wheat  kernel.  The  quantity 
of  ether  extract  is  also  higher  than  in  the  high-grade  flours,  showing 
a,  less  perfect  degermination  of  the  grain  during  the  milling  process. 
The  ash  is  also  slightly  higher  than  in  the  high-grade  flours,  while 
the  carbohydrates  are  somewhat  lower,  due  to  the  higher  percentage 
of  proteids. 

In  a  general  comparison  of  bakers'  flours  with  high-grade  patent 
flours  it  is  seen  that  the  nutritive  ratio  is  much  narrower  in  the  bakers' 
flour  and  the  percentage  of  proteids  higher.  Judged  by  the  common 
theories  of  nutrition,  therefore,  the  bakers"  flour  would  make  a  bread 
better  suited  to  the  laboring  man,  while  the  high-grade  patent  flours 
would  form  a  bread  with  a  greater  tendency  to  produce  fat  and  animal 
heat. 

MISCELLANEOUS    ELOUKS. 

In  Class  IV  wheat  flours  have  been  collected  of  the  miscellaneous 
samples  which,  by  reason  of  their  names  or  de  criptions,  were  not 
capable  of  classitication  with  the  three  preceding  grades  of  flours. 
These  flours  largely  represent  the  i^roduct  of  small  mills,  and  are 
derived  from  the  most  diversified  sources.  As  would  be  expected,  they 
show  among  themselves  a  considerable  degree  of  variation,  although 
the  mean  composition  does  not  difter  very  greatly  from  that  of  the 
previously  described  grades.  The  typical  flour  of  this  miscellaneous 
class,  judged  by  the  data  which  have  been  obtained,  will  have  the  fol- 
lowing approximate  composition: 

I'er  cent.  Te:  cmt. 

Moisture 12.75     Etber  extract 1.05 

Proteids  (N  x  6.25) 10.  30     Ash 0.  50 

Proteids  (X  X  5.70) 9.35     Carbohydrates  (X  x  6.25) 75.30 

Moist  gluten 26.80     Carbohydrates  (N  x  5.70) 76.25 

Dry  gluteu 10.20     Crude  lib.  r 0.25 

The  important  feature  of  such  a  typical  flour  is  its  almost  exact 
identity,  from  a  commercial  point  of  view,  with  th«^  high-grade  patent 
flours.  The  averages  of  the  two  classes  are  so  nearly  alike  that  they 
could  be  interchanged  with  each  other  with  no  appreciable  modification 
of  chemical  composition.  This  fact  emphasizes  in  a  most  marked 
degree  a  point  which  has  been  brought  out  in  the  previous  discussions; 
viz,  that  the  commercial  value  of  flour  depends  almost  exclusively 
upon  the  nature  of  the  milling  process  and  upon  the  color  and  general 
appearance  of  the  flour,  and  has  little  or  nothing  to  do  with  nutritive 
properties. 
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SELF-RAISING  FLOURS. 

The  small  importance,  from  a  commercial  point  of  view,  of  self-raising^ 
flour  gives  little  encouragement  for  the  endeavor  to  establish  a  typical 
standard  for  this  class  of  nutrients.  It  is  evident,  without  discussion, 
that  the  self-raising  i^roperties  of  a  flour  are  due  to  the  incorporation 
therewith  of  some  of  the  ordinary  chemical  leavening  agents  which 
will  be  described  further  on.  In  other  words,  by  mixing  with  the  flour 
an  ordinary  baking  powder,  or  the  essential  leavening  constituents 
thereof,  the  so-called  self  raising  flour  is  produced.  This  flour,  it  is  evi- 
dently intended,  should  be  used  immediately  for  bread  making  without 
being  subjected  to  any  previous  fermentation. 

Only  a  few  samples  of  self-raising  flours  have  been  examin«^d.  A 
typical  self-raising  flour,  representing  nearly  the  mean  of  the  samples 
examined,  has  the  following  composition: 

Per  cent. 

Moisture 11.30 

Proteids  (N  X  6.25) 10.10 


Proteids  (N  X  5.70) 9.  20 

Moist  gluten 27.  00 

Drv  gluten 9.  65 


Per  cent. 

Ether  extract 70 

Ash 4. 00 

Carbohydrates  (N  X  6.25) 72. 90 

Cavl)obydrates  (N  x  5  70)..... 73,80 

Crude  fiber 0.20 


As  was  to  be  expected,  the  chief  variation  of  a  self-raising  flour  from 
a  typical  flour  of  the  other  grades  described  is  found  in  the  percentage 
of  ash  which  it  contains.  This  percentage  of  ash  arises  from  the  min- 
eral residue  of  the  leavening  reagents  added  for  the  purpose  of  securing 
the  raising  of  the  loaf  when  the  flour  is  mixed  for  bread  making. 
Since  the  normal  ash  constituent  of  a  flour  is  about  0.5  j^er  cent,  it  is 
seen  that  there  are  added  to  the  flour  for  leavening  purposes  about  3i 
13er  cent  of  mineral  matters.  Tlie  manifest  unfitness  of  flours  of  this 
kind  for  general  baking  purj)oses  will  prevent  a  very  wide  commercial 
use  of  such  articles.  If  chemical  leavening  agents  are  to  be  used  it  is 
undoubtedly  the  better  plan  to  mix  them  with  the  flour  at  the  time  of 
baking  rather  than  to  buy  them  in  an  already  mixed  condition. 

Composition  of  Typical  French  Flours. 

The  composition  of  typical  French  flours  derived  from  samples  of 
wheat  of  known  origin  has  been  determined  by  analyses  made  by 
Girard,^  in  which   some  novel  methods  of  investigation  were   used. 

Four  samples  of  typical  wheat  were  used  for  the  examination,  tbe 
composition  of  which  is  shown  in  the  following  table  in  percentages : 


Constituents 


Moisture per  cent.. 

Mean  weiglit  of  the  kernel grams.. 

Composition  of  the  kernel: 

Coatings per  cen  t . . 

Germ do 

Rest  of  the  kernel do 


Wheat  f,  ora— 

Bordeaux. 

Altkirch. 

Flanders. 

St..  Laud. 

14.97 

14.50 

15.12 

14.94 

0.051 

0.038 

0.041 

0.050 

12.52 

13.90 

15.61 

14.12 

1.50 

•         1.41 

1.35 

1.16 

85.98 

84.69 

83.04 

84.72 

1  Comptes  rendus.  vol.  124.  April  26  and  May  3,  1897. 
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The  study  of  the  subject  by  Girard  was  based  cliietly  on  the  jioiiit 
of  view  of  the  miller,  and  iu  the  preparation  of  the  material  he  liad 
constructed  a  small  mill  on  the  roller-process  plan,  which  would  «^ive 
practically  the  same  results  in  a  small  way  as  are  obtained  in  the  larj^e 
mills  on  the  lar^e  scale.  This  mill  operated  so  satisfactorily  that  the 
total  loss  of  the  material  between  the  entire  wheat  and  the  tinished 
products  was  not  more  than  one  half  of  1  per  cent.  By  his  mill  he 
separated  the  samples  into  two  portions;  viz,  of  flour  consisting  of  70 
per  cent  of  the  weight  of  the  entire  grain  and  the  different  residues 
constituting  the  other  30  per  cent.  .The  separation  of  the  water  soluble 
content  of  the  flour  was  accomplished  by  treating  in  ice-cold  water,  he 
having  found  that  at  the  ordinary  room  temperatures  the  natural 
enzymes  of  the  flour  produce  a  solution  of  starch  during  the  several 
hours'  contact  which  is  necessary  to  secure  a  complete  solution  of  the 
water  soluble  matters.  For  this  reason  it  is  im])0ssible  to  obtain  any 
satisfactory  results  in  working  with  water  at  ordinary  room  tempera- 
tures. The  action  of  the  enzymes,  however,  was  found  to  be  entirely 
susi:)ended  at  a  temperature  near  zero,  and  acting  on  this  knowledge, 
Girard  was  able  to  secure  the  complete  Avater  soluble  contents  of  a 
flour  without  the  complication  of  the  activity  of  the  enzymes  rendering 
a  portion  of  the  starch  soluble. 

The  action  of  ice-cold  water  on  flour  subjected  to  constant  stirring 
is  complete  in  about  four  hours,  and  this  has  been  the  time  adopted 
for  securing  the  water  soluble  content.  The  aqueous  solution,  after 
filtration,  is  treated  with  four  times  its  volume  of  95  jier  cent  alcohol, 
by  which  the  nitrogenous  matters  which  have  entered  into  solution 
are  precipitatetL  together  with  a  considerable  quantity  of  galactin, 
which  by  many  investigators  has  been  mistaken  for  dextrin.  Girard 
has  never  been  able  to  detect  the  least  trace  of  dextrin  in  the  acjueous 
solution  of  a  flour  made  under  the  conditions  mentioned  above.  The 
starch  is  obtained  mechanically  by  separation  on  silk  bolting  cloth  of 
the  requisite  degree  of  fineness.  The  fatty  matters  are  obtained  by 
using  benzene  as  the  solvent  at  a  temperature  sufficiently  high  to  secure 
complete  solution.  The  flours  obtained  from  the  four  samples  men- 
tioned above  were  subjected  to  analysis  by  the  method  just  outlined, 
and  they  were  found  to  have  the  following  composition: 


Constituents. 


Moisture 

Materials  soluble  in  water: 
Dextrose,  or  reducing  suj 

Sucrose 

Xitrogenous  matters  

Galactin 

Mineral  matters 

X'ot  determined 

Total 


Flour  made  from  wheat  from 

- 

Bordeaux. 

Altkirch. 

Flanders.   | 

St.  Laud. 

I'er  cent. 

Per  cent. 

7V/-  cent. 

7V 

/•  ceiit. 

15.42 

U.92 

15.58 

14.74 

0.  L'l 

0.16 

0.20 

O.OS 

0.86 

1.20 

1.70     1 

0.98 

1.10 

1.02 

1.02     ! 

1.21 

0.  b'l 

0.  5!> 

0.7S 

0.99 

0.  :!6 

0.  ;}2 

0.30 

0.  22 

0.  07 

0.  32 

0.  30 

0.22 

3.12 

3.29 

4.00 

3.5« 
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Coi  stituents. 

Flour  made  from  wheat  from — 

Bordeaux,  j   Altkirch. 

Flanders.      St.  Laud. 

Materials  insolulilt-  in  water: 

Gluten 

Per  cent.    ^    Per  cent. 
7.45                  8.04 
71.22               70.93 
1.07                 0.84 
0.  20                 0.  29 
0.23     i            0.25 

Per  cent.       Per  cent. 
8  32                 8  14 

Starch                                                                    .    

69.88                71  22 

Fat      

1.12                  0.95 

0.40                  0  40 

Cells  and  debris 

0.22                  0.23 

Total                               

80.17               80.35 

79.  94                80  94 

98.71     j          98.56 

99.  52                99.  24 

1.29 

0.009 

25 

87 

1.44 
0.006 

25 
70 

0.48                  0  78 

0.  009 

25 
62 

0  Oil 

Eatio  of  gluteuin  to  gliadin  : 

Glutenin                                                            .   -  - 

25 

72 

It  is  evident  from  an  inspection  of  the  data  obtained  by  Girard  that 
a  cousiderable  qnantity  of  the  germ  is  incorporated  in  the  Hour,  as 
indicated  by  the  high  percentage  of  sucrose. 

The  30  i)er  cent  of  residue  obtained  from  the  entire  wheat  by  the 
operation  of  the  small  mill  in  like  manner  was  subjected  to  analysis, 
with  the  following  results: 


Constituents. 


Eesidiies  from  flour  marie  of  wheat  from  - 


Bordeaux.     Altkirch.      Flanders.      St.  Laud. 


Moisture 

Materials  soluble  in  water: 

ISritrogenous 

Carbohydrates 

Mineral  matters 


Total 

Materials  insoluble  in  water: 

Gluten 

Starch 

Nitrogenous  and  ligneous  matters 

Fat 

Celluloses  and  pentosans 

Mineral  matters 

Total 


General  total 
Unknown  and  lost. 


Per  cent.       Per  cent.    \    Per  cent.       Per  cent. 
15.12  14.56  14.89  14.33 


2.72 

2.80 

2.48 

2.92 

5.  74 

6.58 

6.57 

5.91 

2.04 

1.82 

1.50 

1  72 

10.50 

11.20 

10.55 

10.55 

4.78 

4.31 

4.36 

4.67 

28.35 

26.36 

26.40 

29.79 

5.05 

6.49 

6.52 

4.88 

3.55 

3.65 

2.68 

3.16 

29.87 

30.  26 

31.38 

29.06 

2.12 

1.82 

1.86 

1.81 

73.  72 

72.  89 

73.20 

73.37 

99.34 

98.65 

98.64 

98.25 

0.66 

1.35 

1.36 

1.75 

100.00  , 

100.  00 

100. 00 

100. 00 

farinometp:rs. 
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The  composition  of  tbe  total  wheat  calculated  from  the  two  sets  of 
analyses  is  shown  in  the  following  table: 


Constituents. 


Composition  of  entire  wheats  from — 


Mean  weight  of  kernel ' 

Composition  of  the  kernel:  I 

Coatings ' 

Germ \ 

Rest  of  kernel j 

Moist  lire 

Nitrogenous  matters: 

Gluten 

Soluble  diastases,  etc 

Ligneous  

Starch  

Fat 

Soluble  carbohydrates: 

Sugars 

Galactin 

Others  ( troiu  the  envelope) 

Celluloses  and  pentosans 

Mineral  matters 

Unknown  and  lost 

Total 


Bordeaux. 

Altkirch. 

Flander-s. 

St.  Land. 

Grains. 

Grams. 

Gramg. 

Grams. 

0.051 

0.038 

0.041 

0.050 

Per  cen  t. 

Per  cent. 

Per  cent. 

Per  cent. 

12.52 

13.  90 

15.61 

14.12 

1.50 

1.41 

].35 

1.16 

85.98 

84.69 

83. 04 

84.72 

14.97 

14.50 

1.5. 12 

14.94 

6.  64 

6.92 

7.13 

7.10 

1.59 

1.54 

1.37 

1.74 

1.51 

1.95 

1.95 

1.46 

58.35 

57.  55 

56.84 

58.78 

1.81 

1.08 

1.58 

1.61 

0.75 

0.95 

1.33 

0.75 

0.36 

0.41 

0.55 

0.69 

1.79 

1.97 

1.97 

1.77 

9.12 

9.08 

9.56 

8.88 

1.49 

1.51 

1.50 

1.54 

1.62 

1.94 

1.30 

0.74 

100. GO 

100.  00 

100.00 

100.  00 

In  general  it  may  be  said  of  the  analyses  mentioned  above  that  the 
niecliauical  separation  of  the  starch,  as  bas  been  shown  by  experiments 
in  this  lal>oratory,  is  apt  to  give  a  product  mixed  to  a  certain  degree 
with  finely  divided  celluloses  and  pentosans.  In  respect  of  the  other 
constituents  it  may  be  said  that  the  percentages  obtained  agree  quite 
well  with  the  results  of  the  general  analyses  which  have  been  conducted 
ill  this  division,  except  that  the  French  tlours  seem  to  have  a  larger 
percentage  of  sucrose  than  those  of  American  origin. 

VISCOSITY  OF   DOUGH. 

The  viscosity  of  a  dough  made  from  wheat  flour  is  a  valuable  indica- 
tion of  the  character  of  the  gluten  therein.  ]\Iany  forms  of  apparatus 
have  been  devised  to  measure  this  viscosity  in  terms  of  the  speed  with 
which  a  cylinder  of  given  weight  penetrates  the  mass,  or  the  depth  to 
which  it  sinks. 

The  Use  of  Farinometer.^^. 

Several  methods  have  been  employed  for  determining  the  viscosity 
of  flour.     One  of  the  most  satisfactorv  is  the  use  of  the  farinometer. 


kedzie  8  farinometer. 


The  Michigan  farinometer  was  devised  by  the  chemist  of  the  experi- 
ment station  of  the  Michigan  Agricultural  College  for  grading  the 
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quality  of  flour  made  from  winter  wheat  raised  in  tLat  State.  It  is 
patterned  somewhat  upon  the  plan  of  Jago's  viscometer.  The  instru- 
ment is  shown  in  imrts  in  tig.  1.  The  instrument  in  use  is  exhibited 
in  fig.  2. 

Parts  shown  in  fig.  1  are  as  follows: 

No.  1  is  tbe  stand  or  support  of  the  posts. 

No.  2  is  the  cap  of  No.  1,  and  discloses  the  half-inch  opening  (half 
closed  by  the  slide)  through  which  the  dough  is  forced  by  the  pressure 
of  the  rod.  No.  4.  The  slide  by  which  this  oi:)ening  is  opened  and 
closed  is  plainly  shown;  also  the  socket  for  holding  No.  3. 


Fig.  1. — Keclzie's  farinometer  showinor  the  parts. 


No.  3  is  a  brass  tube  3  inches  high  and  1  inch  internal  diameter,  with 
a  small  knob  to  fit  into  the  notched  opening  in  the  side  of  the  socket 
seen  in  No.  2,  to  hold  No.  3  firmly  in  place. 

No.  4  is  a  steel  rod  \%  inch  in  diameter  and  13  inches  long,  with  a 
thin  brass  cap  1  inch  in  diameter,  beveled  slightly  so  that  the  front 
edge  fills  the  barrel  of  No.  3  without  friction,  and  is  yet  dough-tight. 
Near  the  top  the  rod  is  marked  into  inch  spaces. 

The  farinometer  was  made  by  the  American  Brass  Novelty  Works,  of 
Grand  Haven,  Mich. 


FARINOMETERS. 
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111  using  the  farinoiiieter  two  points  are  considered: 

1.  The  water-absorbing  power  of  a  flour,  or  the  percentaj;e  of  water 
it  will  take  up  to  form  a  dougli  of  a  certain  consistency. 

2.  The  viscosit}^  of  such  dough,  or  its  resistance  to  change  of  form 
under  a  uniform  force;  e.  g.,  the  length  of  time  in  seconds  required  to 
force  a  cylinder  of  dough  1  inch  high  through  a  hole  one-half  inch  in 
diameter  under  the  pressure  of  a  ver- 
tical steel  rod  13  inches  long  aud 
weighing  2h  pounds  avoirdupois. 
From  these  data  combined  1  hope  to 
find  a  compound  factor  which  will 
express  the  strength  of  a  flour.  If, 
in  addition  to  this,  a  scale  of  colors 
can  be  secured  to  represent  the  tints 
of  colors  for  winter- wheat  flours,  the 
means  for  grading  such  flours  would 
seem  to  be  at  hand.  It  is  for  these 
results  that  the  chemical  department 
at  the  Michigan  station  is  working. 
It  hopes  to  present  a  bulletin  on 
giading  flours  in  the  near  future. 

KNAIS'S    rAKIXOMETERj 

Knais  has  constructed  a  new  appa- 
ratus for  the  valuation  of  flour,  which 
consists  of  an  alcohol  lamp  and  a 
vessel  filled  witli  oil.  A  cylindrical 
tube  is  soldered  on  the  cover  of  the 
latter,  into  which  a  smaller  cylinder, 
which  serves  to  contain  the  dou'gh, 
may  be  slipped.  In  the  oil  bath  is 
placed  a  ])iece  of  alloy  consisting  of 
0.75  lead  and  0.25  tin,  and  on  this 
stands  a  metallic  tube  having  a 
pointed  end  and  connected  at  the 
top  with  a  bell.  The  alloy  melts  at 
1!89^,  at  which  point  the  pointed  tube 
penetrates  the  alloy  and  sets  the  bell 
in  motion.  Into  the  smaller  cylinder 
are  placed  20  grams  of  dough  con-   '• ^^^^- 

Sisting    of   2    parts    flour    and    1    part  Fig.  2._Kedzie's  farino.neter  in  u.e. 

water.     The  oil  bath  is  then  heated  until  the  bell  rings,  when  the  thime 
is  extinguished  and  the  empty  space  in  the  cylinder  measured. 
This  space  is  proportionate  to  the  rising  of  the  dougli. - 


»  Zeitscli.  f.  Nahrungsmittel  Untersuch.  in  Hygiene,  1892-1896,  217. 
2  Rev.  intern,  des  falsif.  1892,  p.  160. 
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Note  of  abstractor. — This  apparatus  is  not  new,  as  J.  Moellerin  1S8{> 
described  it  in  Eealencyklopadie  fiir  die  gesammte  Pharmacie  under 
the  article  Mehl,  Bd.  VI,  page  606,  stating  that  it  is  identical  with 
Bolland's  aleurometer. 

GLUTEN    TESTER. 

The  character  of  the  gluten  separated  from  a  wheat  flour  is  tested 
by  Foster  as  indicated  below. 

The  gluten  tester  shown  in  the  accompanying  illustrations  (figs.  3 
and  4)  is  made  of  brass,  and  consists  of  two  cylinders  of  like  diameter, 
and  8  inches  long,  in  which  the  gluten  is  placed,  and  a  piston  of  a 
certain  weight  is  placed  on  top  of  the  gluten.  The  water  in  the  gluten, 
as  it  becomes  heated,  is  converted  into  steam,  expands  the  gluten,  and 
forces  up  the  piston.  Gluten  of  the  greatest  elasticity  will  force  the 
piston  highest,  making  it  possible  to  obtain  a  record  in  inches  of 
expansion  of  glutens  from  like  quantities  of  different  flours.  One  Troy 
ounce  of  flour,  480  grains,  is  taken  as  a  basis  with  this  instrument. 

Since  an  even  and  easily  controlled  temperature  is  necessary  in  the 
operation,  the  cylinders  are  heated  in  an  electric  oven. 

The  oven  is  5  feet  long,  26  inches  wide,  3  feet  6  inches  high,  is  built 
of  sheet  steel,  two  thicknesses  2  inches  apart  and  filled  between  with 
mineral  wool  to  aid  in  retaining  the  heat,  which  is  furnished  by  an 
electric  current.  The  heat  can  be  changed  from  top  to  bottom  of 
oven,  as  desired.  The  windows  make  it  possible  to  see  just  what  is 
going  on  inside  without  opening  the  oven  and  losing  heat.  The  tem- 
perature is  determined  by  a  thermometer  inserted  through  the  side. 

The  following  data  were  obtained  by  using  the  above-described 
apparatus  : 

Estimations  of  gluten  quality  of  separations  in  roller  milling. 

[Flour  and  gluten  grades  are  slandards,  the  colors  of  whicli  are  registered  by  colored  glasses — Lovi- 
bond's  tintometer.  Column  3  indicates  the  expansion  in  inches  of  gluten  as  baked  in  gluten  tester. 
Column  4  indicates  pei'centage  of  wet  gluten  to  flour.] 


Products. 


Break: 

A'o.  1. 

Xo.  2 

X'o.  3. 

Xo.  4. 

Xo.  5. 

X"o.  G. 
Middlings 

Xo.  1. 

Xo.  2. 

Xo.  3. 

Xo.  4. 

Xo.  5. 

Xo.  6. 

Xo.  7- 

Xo.  8. 
Germ : 

Xo.  1. 

Xo.  2. 


Grade    Grade  of   Expansion 


of  flour,    gluten. 


90 
92 
92 
75 
65 
50 

100 
96 
96 


of  gluten. 


Inches. 


4| 


Gluten. 


Per  cent. 
50.  00 
53. 00 
53.  OO 
67.50 

68.  75 

69.  oa 

42.71 
40.21 
40.  00 
44.38 
42.92 
46.67 
42. 08 
43.  la 

40.21 
37.5a 
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Fig.  3.— Gluten  te.-*ter  in  use. 


Fig.  4. — Gluten  tester  showing  the  parts. 
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AN  EXAMINATION  OF  FLOURS  BY  A  NEW  METHOD  OF  DETERMINING 

THEIR  QUALITY.^ 

While  examining  a  large  number  of  Hungarian  Hours  V^idrodi  found 
tbat  the  ash  and  the  quality  stood  in  a  certain  relation  to  each  other. 
So  far,  the  quality  of  a  Hour  has  been  determined  by  comparing  it  either 
dry  on  a  small  black  plate  with  a  standard  flour  or  by  preparing  a  thin 
dough  and  comparing  this  with  a  dough  made  in  exactly  the  same  man- 
ner from  the  standard  flour.  These  methods  depend  naturally  on  the 
experience  of  the  eye,  and  no  two  observers  are  apt  to  agree.  By 
applying  the  above  relation  the  quality  can  be  determined  with  much 
greater  precision.  The  following  average  percentages  of  ash  were 
found  in  flours  of  different  quality: 


Per  cent. 

Per  cent. 

Vo.  0 

0.31 

No 

5 

0.66 

1 

0.36 

6 

0.98 

2 

0.41 

7 

1.53 

3 

0.47 

8 

2.24 

4 

0.58 

The  ash  determination  is  made  with  10  grams  of  flour,  and  the  follow- 
ing limits  are  recommended  for  wheat  flours: 

Per  cent.  Per  cent. 

No.  0 0.20-0.34  '  No.  5 0.61-0.70 

1 0.35-0.39  ■          6 0.71-1.16 

2 0.40-0.43  j          7 1.17-1.80 

3 0.44-0.52  1          8 1.81-3.15 

4 0.53-0.60  I 


These  figures  naturally  apply  only  to  Hungarian  flours,  and  may  have 
to  be  changed  for  other  countries.  Adulteration  with  rye  flour  has  a 
very  marked  effect  on  the  fineness  as  determined  by  this  method, 
reducing  it  materially. 

A  1^0.  0  rye  flour  contains  0.44  per  cent  ash  and  corresponds  to  a  ^o, 
3  wheat  flour. 

A  No.  1  rye  flour  contains  0.G8  per  cent  ash  and  corresponds  to  a  !No. 

5  wheat  flour. 

A  No.  2  rye  flour  contains  1.15  per  cent  ash  and  corresponds  to  a  No. 

6  wheat  flour. 

A  No.  2B  rye  flour  contains  1.47  per  cent  ash  and  corresponds  to  a 
No.  7  wheat  flour. 

Not  one  of  the  335  flours  examined  showed  any  foreign  additions,  and 
all  were  perfect  in  taste  and  odor.  Many  cases  were  found,  though, 
where  they  were  wrongly  marked  with  regard  to  their  quality,  and 
unfortunately  this  is  often  done  on  purpose.  It  is  in  such  a  case  an 
adulteration.  The  flours  were  also  examined  microscopically  for  flours 
of  other  grains,  the  starch  grains  of  the  cereals  differing  very  mate- 
rially in  form  from  those  of  other  seeds  or  substances.  Stone  dust  from 
the  millstones  was  not  found  in  any  case. 

1  Victor  Vidrocli,  Ztsclir.  angew.  Chem.,  1893,  p.  691. 
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An  attempt  was  made  to  grade  the  flours  examined  in  tliis  lahora- 
toTV  by  the  above  method,  but  if  the  retail  prices  are  any  indication  of 
the  grade  the  method  is  not  reliable. 

PAKTICLES    OF   DEBRIS   IX    THE   FLOUR. 

By  the  modern  processes  of  milling  it  is  possible  to  obtain  flours 
which  make  a  pure  white  or  creamy  bread,  porous,  and  possessing  all 
the  qualities  which  are  most  prized  in  the  perfect  loaf.  Even  the  best 
methods  of  milling,  however,  are  not  able  to  prevent  a  j)ortion  of  tlie 
debris — that  is,  the  envelopes  of  the  grain  or  fragments  of  the  germ — 
from  entering  the  flour.  The  object  of  modern  milling  is  to  secure  as 
large  a  yield  as  possible  of  a  flour  which  will  make  the  characteristic  loaf 
mentioned.  The  exact  quantity  of  such  a  flour  which  can  be  obtained 
depends,  of  course,  upon  the  quality  of  the  wheat.  It  is  probable  that 
not  more  than  60  per  cent  of  a  first-class  flour  can  be  obtained  on  an 
average  from  difi'erent  kinds  of  wheat  which  enter  the  mill.  Any 
additional  quantity  of  flour  will  begin  to  show  itself  in  the  depreciated 
quality  of  the  loaf,  either  in  a  change  of  color  or  in  a  change  for  the 
worse  in  some  of  the  physical  properties  which  give  the  loaf  its  value. 
The  detection  and  estimation  of  the  amount  of  debris  in  a  high-grade 
flour  is  a  matter  which  is  evidently  attended  with  considerable  difticul- 
ties,  and  can  OTi]y  be  accomplished  with  the  aid  of  the  microscope.  A 
method  for  determining  the  number  of  debris  particles  in  a  cubic  millime- 
ter of  a  flour  has  been  worked  out  by  Girard.^  For  the  purpose  of 
making  a  microscopic  observation  of  the  debris  a  glass  plate  containing 
a  number  of  small  cells  was  constructed  in  such  a  way  as  to  be  easily 
placed  in  the  field  of  vision  of  the  microscope.  The  section  of  these 
cells  was  1  mm.  square,  and  their  depth  one-tenth  miDimeter.  When 
covered  with  a  thin  cover  glass,  therefore,  each  one  would  hold  one-tenth 
of  a  cubic  millimeter.  These  cells  were  filled  for  observation  with  the 
liquid  holding  in  suspension  the  debris  of  the  wheat  prepared  in  the 
manner  to  be  described.  The  volume  of  this  debris  held  in  suspension 
was  so  regulated  that  each  cubic  millimeter  of  it  represented  a  cubic 
millimeter  of  the  original  fiour.  By  counting  the  number  of  particles 
of  the  debris  in  each  cell,  therefore,  the  number  in  a  cubic  millimeter  of 
the  flour  was  known,  from  which  the  number  in  one  gram  is  easilj- 

computed. 

Preparation  for  the  Microscope. 

In  the  preparation  of  the  flour  for  microscopical  examination  a  mix- 
ture of  equal  parts  of  glycerol  and  sirupy  glucose  is  employed.  Tiu 
density  and  viscosity  of.  this  mixture  are  such  that  the  debris  of  the 
flour  rests  indefinitely  suspended  therein  when  once  thoroughly  mixed. 
The  separation  of  the  d«''bris  from  the  starch  and  the  gluten  is  based 
upon  the  theorj'  that  the  particles  of  the  debiis  are  larger  than  the 
granules  of  starch,  or  at  least  are  of  such  an  irregular  shape  that  they 


Coniptes  reudus,  vol.  121,  p.  858. 
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will  not  pass  througli  a  silk  cloth  the  uieshes  of  which  are  of  such  a 
size  as  to  allow  the  starch  granules  to  pass  through.  The  separation  of 
the  debris  particles  is  then  accomplished,  first,  by  separating  the  moist 
gluten  in  the  usual  way  by  mixing  with  water,  allowing  it  to  stand 
for  some  time,  and  then  washing  in  a  stream  of  cold  water  until  all  the 
starch  and  debris  are  removed  from  the  moist  gluten.  The  wash  water 
is  collected,  and  when  the  starch  and  debris  have  settled  they  are 
brought  upon  a  silk  sieve,  French  Ko.  220.  All  the  debris  can  be 
collected  upon  this  sieve,  while  the  starch  granules  pass  through.  The 
silk  sieve  and  the  debris  are  carefully  dried  by  pressing  between  sheets 
of  filter  paper,  and  the  debris  transferred  to  a  small  graduate,  where 
the  particles  are  covered,  according  to  their  number,  with  one  or  more 
cubic  centimeters  of  the  viscous  liquid  above  described.  By  means 
of  a  glass  rod  the  mixture  of  the  debris  with  the  viscous  liquid  is 
thoroughly  made. 

Results  Under  the  Lens. 

A  drop  of  the  magma  is  finally  deposited  upon  the  little  glass  cells 
described  above,  covered  with  a  cover  glass,  and  subjected  to  micro- 
scopical examination.  The  number  of  i^articles  in  each  little  square  is 
counted  until  ten  different  cells  have  been  enumerated.  The  total  num- 
ber, each  cell  holding  one  tenth  cubic  millimeter,  represents  the  number 
of  granules  in  a  cubic  millimeter  of  the  mixture,  and  the  proportions  of 
the  materials  should  be  so  adjusted  as  to  make  this  correspond  to  1  cubic 
millimeter  of  the  flour.  This  is  accomplished  by  operating  at  first 
upon  10  grams  of  the  flour  in  the  separation  of  the  gluten  from  the 
starch  and  debris  as  at  first  mentioned,  and  noting  the  volume  of  the 
viscous  liquid  in  which  the  particles  are  finally  suspended.  The  whole 
number  of  fragments  of  debris  contained  in  1  gram  of  fine  flour  varies 
with  the  percentage  of  the  extraction.  When  60  per  cent  of  the  flour 
is  extracted  from  the  wheat  the  number  of  debris  particles  in  a  gram 
was  found  to  be  12,9005  when  70  per  cent  of  flour  was  obtained  from 
the  wheat  the  number  of  particles  of  debris  rose  to  16,200  per  gram, 
and  when  88  per  cent  was  obtained  from  the  wheat  the  number  of 
particles  of  debris  rose  to  61,600. 

In  another  set  of  experiments,  made  in  1895,  the  number  of  particles 
found  were  as  follows:  First,  for  roller  mills:  For  66  per  cent  extrac- 
tion, 10,700;  for  70  per  cent  extraction,  32,300;  for  80  per  cent  extrac- 
tion, 44,100.  For  flour  ground  by  millstones :  For  70  per  cent  extraction, 
18,700  to  22,300. 

MICROSCOPIC   EXAMINATION   OF    CELLULOSE   PARTICLES   IN   FLOURS.^ 

As  long  ago  as  1890  E.  Vinessa  noticed  that  cellulose  cells  could  be 
colored  with  anilin  dyes,  while  parenchymatic  cells  remain  uncolored 
or  were  merely  tinged  by  those  dyes,  which  in  practice  are  used  for 
coloring  cotton.  The  process  described  below  rests  upon  the  above 
observations. 

'  E.  Vinessa  in  Ztschr.  fiir  Nahrungsmittel  Untersuchung,  February  24,  1895,  p.  53. 
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Two  grams  of  tlie  well-mixed  sample  of  flour  are  rubljed  to  a  fine 
paste  in  a  dish  with  5  c.  c.  of  hydrochloric  acid,  and  100  c.  c.  of  water 
are  added  with  constant  stirring.  Tbe  pestle  is  cleaiied  by  means 
of  a  washing  flask,  and  the  whole  mass  boiled  for  ten  minutes.  After 
cooling,  the  contents  of  the  flask  are  placed  in  a  high  cylinder  and 
the  undissolved  matters  are  allowed  to  subside.  If  time  is  to  be 
saved  separation  maj^  be  made  in  a  centrifugal  machine.  The  clear 
liquid  is  carefully  poured  off  and  the  residue  exactly  neutralized  or 
made  slightly  alkaline  and  a  weak  acid  reaction  restored  with  acetic 
acid.  After  this  the  cylinder  is  filled  with  a  thin,  lukewarm  solution 
of  solid  green  containing  about  one-half  of  1  per  cent  of  coloring  mat- 
ter. The  solid  residue  is  again  separated  b}^  subsidence  or  by  the  centrif- 
ugal machine  and  washed  onto  a  filter.  On  the  filter  it  is  washed  with 
a  dilute  warm  solution,  about  1  per  cent,  of  delta-purporin,  and  after- 
wards with  distilled  water.  Finally,  the  residue  is  rubbed  to  a  fine 
powder  in  an  agate  mortar  when  it  is  examined  under  the  microscope, 
all  the  thickened  or  woody  cells  being  found  colored  gTeen  while  the 
envelopes  of  the  starch  cells  appear  red.  Since  it  is  chiefly  the  first- 
named  cells  which  are  used  for  adulteration,  they  can  be  thus  easily 
quantitatively  estimated  for  each  kind  of  flour.  The  cover  glasses  are 
divided  into  squares  of  5  mm.  The  number  of  cells  in  one  of  these 
squares  is  counted  and  the  number  of  cells  peculiar  to  each  kind  of 
flour  determined.  The  cover  glasses  can  be  prepared  by  anyone  by 
covering  them  with  a  film  of  paraffin,  marking  them  with  a  sharp  needle, 
and  etching  with  hydrofluoric  acid. 

MILLING  OF  INDIAN  CORN. 

The  flour  made  from  Indian  corn  is  known  in  this  country  usually  as 
corn  meal.  There  are  many  different  methods  of  preparing  it.  The 
simplest,  and  one  of  the  most  pievalent  until  within  a  few  years,  con- 
sisted in  grinding  tbe  kernels  between  stones  and  using  the  whole  meal, 
coarsely  sifted,  thus  produced.  Immense  quantities  of  Indian  corn 
meal  prepared  in  this  way  are  still  used  throughout  all  parts  of  the 
country,  especially  in  the  Southern  States.  It  is  evident  that  an  Indian- 
corn  meal  prepared  in  this  way  would  have  nearly  the  same  composi- 
tion as  the  kernels  from  which  it  is  prepared.  A  finer  grade  of  Indian- 
corn  flour  is  produced  by  grinding  as  above  indicated  and  bolting  to 
remove  a  large  portion  of  the  bran. 

The  flour  thus  produced  diflers  only  from,  that  first  described  in  hav- 
ing a  smaller  content  of  fiber  and  mineral  matters,  due  to  the  removal 
of  all  or  a  portion  of  the  bran  by  bolting.  On  account  of  the  high  per- 
centage of  oil  in  the  germ  of  Indian  corn,  and  by  reason  of  its  hygro- 
scopic chnracter,  tiie  flour  thus  prepared  is  ai)t  to  become  rancid  or 
moldy.  To  i)revent  this  change  and  also  to  secure  a  more  palatable 
grade  of  flour,  the  modern  improved  processes  of  grinding  and  pre- 
paring Indian  corn  have  been  introduced.     Following  is  the  description 
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of  the  process  of  i^reparing  tlie  flour  from  Indian  corn  as  practiced  by- 
one  of  the  largest  mills  in  this  country. 

The  ludian  corn  is  passed  through  a  machine  called  a  degermiuator^ 
which  breaks  the  corn  and  removes  the  germ,  but  does  not  separate  it. 
The  separation  is  made  by  means  of  bolting  cloths  and  currents  of  air. 
After  the  germ  and  hull  are  removed,  the  corn  is  ground  between  iron 
rolls  properly  corrugated.  The  meal  is  again  submitted  to  the  process 
of  bolting  and  purifications  by  currents  of  air  and  the  refined  i^roduct 
is  the  granular  meal.  The  offal  consists  of  the  hull,  germ,  floury  x)arti- 
cles,  and  some  of  the  flinty  portion  of  the  corn  which  is  lost  by  the 
process  not  being  sufficiently  perfect  to  remove  it  and  include  it  in  the 
granular  meal.  The  offal  thus  removed  constitutes  from  30  to  35  per 
cent  of  the  weight  of  the  corn,  depending  upon  the  conditions  of  the 
grain.  Artificial  heat  is  used  in  the  manufacture  of  corn  meal,  which 
insures  better  results,  and  the  meal  will  keep  longer.  This  granular 
meal  is  not  in  favor  in  the  Southern  States.  They  prefer  a  soft  meal 
made  in  the  old  way. 

Aside  from  the  method  of  manufacture  there  are  two  distinct  grades 
of  Indian-corn  meal  found  in  the  markets  of  the  country,  and  these  are 
distinguished  by  their  color.  There  are  two  leading  varieties  of  Indian 
corn  in  the  United  States  distinguished  by  color,  viz,  the  white  and  the 
yellow.  The  white  corn  makes  a  flour  of  a  color  and  texture  which  in 
some  instances  is  said  to  be  quite  like  those  of  flour  made  from  wheat. 
On  the  other  hand,  the  yellow  corn  makes  a  flour  of  a  rich  yellow  color, 
which  is  highly  i^rized  in  some  quarters  on  account  of  imparting  its  color 
to  the  bread  made  therefrom.  When  prei)ared  in  the  same  way  there  is 
probably  but  little  difference  in  the  nutritive  value  and  palatableness 
of  these  two  varieties. 

In  Europe,  as  has  been  mentioned  before,  Indian  corn  is  not  consid- 
ered fit  for  the  manufacture  of  bread  for  the  use  of  man.  This  preju- 
dice seems  quite  baseless  when  we  consider  the  very  extensive  use  of 
this  material  for  bread-making  in  this  country  and  the  high  nutritive 
proi^erties  which  it  possesses.  With  a  di^t  of  Indian-corn  bread  and 
pork  the  workmen  of  this  country  are  capable  of  enduring  the  greatest 
fatigue  and  performing  the  greatest  amount  of  physical  labor.  The 
high  nutritive  value  of  Indian- corn  bread  was  well  illustrated  in  a 
marked  degree  in  the  military  service  during  the  civil  war  between 
the  States.  Both  experience  and  chemical  analysis  show  that  there  is- 
little,  if  any,  difference  between  the  nutritive  properties  of  bread  made 
from  wheat  and  the  whole  Indian  corn  deprived  only  of  the  coarsest 
parts  of  the  bran. 

MICROSCOPIC    CHARACTER   OF   INDIAN-CORN   MEAL. 

Deros^  gives  the  following  as  the  microscopic  characteristics  of 
Indian-corn  meal.  Evidently  his  study  of  samples  was  confined  to 
those  made  from  yellow  varieties. 

'  Le  micrographe  preparateur,  March,  1895,  p.  44. 
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]\Iaize  flour  is  of  a  yellowish  color  and  rough  to  the  touch.  The  starch 
is  in  grains  of  a  tolerably  uniform  volume.  The  minimum  diameter 
appears  to  be  about  G  micromillimeters,  wbile  the  largest  may  reach  as 
much  as  17  micromillimeters.  The  greater  part  have  diameters  of  from 
13  to  15  micromillimeters.  The  starch  granules  are  polyhedric  in  shape 
when  they  come  from  the  external  zone.  They  are  of  rounded  shape, 
on  the  contrary,  in  the  floury  zone.  The  upper  face  appears  to  be  some- 
what spherical.  The  hilum  is  punctiform  and  sometimes  stellated. 
The  concentric  layers  are  well  marked  and  the  fracture  is  most  fre- 
quently from  the  exterior  toward  the  interior.  Heated  in  water  at 
62.5^  the  starch  granules  swell  up  and  become  deformed,  except  a  few — 
especially  the  smaller  ones — which  resist  the  action  of  water  at  that 
temperature. 

In  maize,  as  in  oats,  the  starch  granules  are  i^olyhedric,  but  the 
resemblance  extends  no  further,  the  maize  granules  being  larger  and 
never  becoming  agglomerated  and  forming  compound  particles.  Their 
action  also  on  i^olarized  light  is  characteristic.  The  starch  granules  of 
maize  dei^olarize  the  light  and  present  a  black  cross  very  marked  and 
very  distinct  when  the  field  is  obscure.  This  cross  persists  for  a  long 
time  when  the  field  is  illuminated  little  by  little,  and  it  is  distinguished 
much  more  easily  and  with  an  illumination  much  more  pronounced  than 
that  which  sufQces  to  extinguish  this  phenomenon  in  other  common 
starches.  Nevertheless  this  cross  is  not  long  visible  when  the  field  is 
fully  illuminated.  With  the  selenite  plates,  by  preference  working  on 
a  neutral  field,  the  grains  of  starch  of  the  maize  are  seen  to  be  col- 
ored red,  with  a  green  cross,  or  reciprocally.  This  coloration  is  very 
brilliant. 

If  the  starch  granules  are  treated  with  caustic  potash,  there  is  found 
in  the  midst  of  the  debris  a  number  of  amorphous  cellules  of  the  amy- 
laceous tissue  irregularly  arranged,  in  which  may  sometimes  be  dis- 
tinguished a  final  residue  of  the  protoplasmic  matter  which  surrounds 
the  starch  granules. 

The  glutinous  cells  of  maize  resemble  those  of  rye.  They  are  dis- 
I)osed  in  a  single  row,  quadrangular,  a  little  rounded  on  the  angles  and 
much  thicker  on  the  exterior  side  than  on  tlie  others.  The  glutinous 
cells  of  ordinary  varieties  of  maize,  like  those  of  rye.  are  colored  blue 
by  ether,  but  the  starch  cells  of  maize  are  easil}'  distinguished  from 
those  of  the  rye  by  their  action  on  polarized  light. 

COMPOSITION   OF   FINE   INDIAN-CORN   FLOUR. 

The  composition  of  the  ordinary  Indian  corn  meal  produced  by 
grinding  the  whole  grain  and  removing  only  the  coarser  bran  is,  as 
has  already  been  said,  practically  that  of  the  whole  grain  itself. 
Analyses  of  the  refined  Indian  corn  flours  show  that  tliey  difl'er  chiefly 
from  the  whole  grain  in  having  a  smaller  content  of  fat,  fiber,  and 
proteids  and  a  correspondingly  higher  content  of  carbohydrates.  The 
low  content  of  proteids  is  due  to  the  fact  that  the  germ  and  the  liner 


1280 


FOODS    AND    FOOD    ADULTERANTS. 


envelopes  are  rich  in  proteid  matter  and  are  removed  in  the  process  of 
milling.  The  low  content  of  oil  is  due,  of  course,  to  the  fact  that  the 
germ  has  been  extracted.  The  content  of  fiber,  while  low  compared 
with  the  whole  grain,  is  high  compared  with  a  high-grade  wheat  flour. 
A.  description  of  the  s  imples  analj^zed  and  their  composition  follows: 

Composition  and  description  of  Indian-corn  flours. 
[Purchased  for  United  States  Army  by  Maj.  H.  G.  Sharpe,  St.  Louis,  Mo.] 


Serial  ISTo. 

Moist- 
ure. 

Pro- 

teids, 
NX6.25. 

Ether 
extract. 

Ash. 

Crude 
fiber. 

Carbohy- 
drates, 
NX6.25. 

Calcu- 
lated  cal- 
ories of 
combus- 
tion. 

Ascer- 
tained 
calories. 

■ 
Description. 

15958        

Per  ct. 
12.66 
12.05 
13.01 

Per  ct. 
6.94 
8.50 
5.94 

Per  ct. 
1.21 
1.76 
1.02 

Per  ct. 
0.52 

Per  ct. 
0.63 

Per  ct. 

78.67 
76.86 
79.56 

3,  827.  3 
3,  895. 1 
3,  787.  9 

3,840 
3,898 
3.912 

' '  Be-st  ' ' 

15959  

0.83        1.17 
0.47  !     0.80 

"Topeka." 
"Decatur." 

159C0  

Average  . 

12.  57 

7.13 

1.33 

0.61  j     0.87 

78.36  j     3,836.8 

3,  883.  3 

PRODUCTION  OF  RYE  MEAL. 

The  i^riuclples  of  the  prei)aration  of  rye  meal  are  essentially  those 
which  are  observed  in  preparing  meal  or  flour  from  wheat  and  maize. 
As  has  before  been  intimated,  rye  meal  is  not  a  very  important  source 
of  bread  making  among  the  native  citizens  of  the  United  States.  It  is 
used,  however,  to  a  considerable  extent,  and  rye  bread  is  easily  obtained 
in  all  large  cities.  In  Germany  rye  is  one  of  the  principal  sources  of 
the  bread  of  the  people,  and  the  i)reparation  of  rye  meal  and  the  fabri- 
cation of  bread  therefrom  have  therefore  been  carried  in  that  country 
to  the  highest  degree  of  perfection.  Many  attempts  have  been  made 
to  remove  the  outer  covering  of  the  rye  by  means  of  chemicals,  espe- 
cially sulphuric  acid  and  soda  l^e,  but  in  practice  these  processes  have 
had  no  success.  The  removal  of  the  outer  coating  of  the  rye  by  mechan- 
ical methods  before  the  regular  grinding  takes  place  has,  however,  to 
a  certain  extent  been  successfully  accomi^lished  by  rubbing  the  grains 
in  a  bowl-shaped  vessel  with  i)estles  of  steel  covered  with  sharp  quartz 
sand.  By  this  process  the  envelope  of  the  grain  is  completely  or  partly 
removed,  according  to  the  duration  of  the  process,  with  the  exception 
of  that  portion  which  is  found  in  the  linear  depression.  The  rye,  after 
the  outer  covering  is  removed  in  this  way,  is  subjected  to  the  ordinary 
milling  and  sifting  operations.  By  this  process  about  12  or  13  per  cent 
of  the  total  weight  is  obtained  by  the  first  grinding  with  the  quartz 
sand,  75  per  cent  as  flour,  and  12  per  cent  as  bran.  By  this  process  a 
rye  meal  is  obtained  which  gives  a  white  and  i)alatable  bread,  whereas, 
if  the  grain  be  ground  dhectly  without  the  removal  of  the  brittle  outer 
covering,  this  latter  is  also  reduced  to  a  fine  meal,  and  in  the  sifting 
process  is  left  mixed  with  the  flour. 

Many  other  mechanical  devices  for  removing  the  outer  envelope  of 
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tbe  grains  are  found  in  operation  in  Germany,  but  in  general  rye  bread 
which  is  made  with  the  meal  as  usually  obtained  without  the  precau- 
tions mentioned  is  rather  dark  and  to  some  extent  unpalatable  to  those 
who  are  not  used  to  eating  it. 

ERGOT    IN   RYE   FLOUR. 

The  presence  of  ergot  in  rye  flour  may  produce  serious  disturbances 
of  the  health  of  the  consumer.  The  well-known  effect  of  ergot  in  pro- 
ducing abortion  is  only  one  of  the  forms  of  its  toxic  action.  Only  the 
careless  miller,  however,  would  admit  rye  mixed  with  ergot  into  his 
factory. 

The  easiest  method  of  detecting  ergot  in  rye  flour  is  by  means  of  the 
microscope. 

The  flour  which  is  thought  to  contain  ergot  is  macerated  for  twelve 
hours  in  .j  grams  of  water.  The  tissue  of  ergot  is  composed  of  cylin- 
drical cells  with  their  walls  closely  joined.  They  contain  an  oleaginous 
matter,  but  no  starch.  The  exterior  coating  is  of  a  blackish  color, 
inclining  to  violet.  Transverse  sections  of  the  cell  show  a  polygonal 
area  due  to  the  pressure  of  the  cells  together  as  in  a  honeycomb.  A 
section  of  a  number  of  these  cells  looks  like  a  fine  network.  There  is 
little  difficulty  in  distinguishing  these  cells,  and  to  a  certain  extent 
they  retain  their  distinctive  shape  after  baking. 

When  bread  containing  ergot  is  eaten  a  species  of  intoxication 
ensues,  with  dizziness  in  mild  cases  and  convulsions  where  large  quan- 
tities of  ergot  are  involved.  The  continued  consumption  of  such  bread 
tends  to  produce  gangrene. 

COMPOSITION    OF   RY'E   FLOFR. 

Eye  flour  would  evidently  have  the  same  composition  as  the  cereal 
from  which  It  was  made,  as  modified  by  the  abstraction  of  certain 
ingredients  such  as  the  germ  and  a  portion  of  the  bran  during  the 
milling  process.  Only  one  sample  of  rye  flour  has  been  found  in  the 
local  market,  and  this  was  a  preparation  sold  under  the  name  of  granu- 
lated rye.  It  is  manufactured  by  the  Health  Food  Company,  Gl  Fifth 
avenue,  Xew  York  City,  and  is  described  by  the  manufacturers  as  fol- 
lows: '"Made  from  the  best  rye,  hulled  b}' the  wet  process,  and  reduced 
to  a  granulated  meal  without  the  injurious  heating  of  mill  grindiug.'' 
It  was  purchased  from  G.  G.  Corn  well  &  Son,  1412  Pennsylvania 
avenue.  Washington,  D.  C,  and  the  i^ackage  cost  25  cents.  The 
analytical  data  obtained  on  its  examination  were  as  follows: 

Composition  of  rye  Hour,  serial  Xo.  153-29. 

Pert'Ut.  Percent. 

^Moisture IL  41      Ash 1.55 

Proteids 13.  5«i     Crude  tibtr 1.86 

Ether  extract 1.  i'T  Carbohydrates  other  than  libir. ..   71.51 


Moisture 

Per  cent. 
10.92 

Proteids 7.  50 

Etlier  extract 

0.89 
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BARLEY  FLOUR. 

As  has  before  been  intimated,  barley  Is  not  used  to  any  great  extent 
in  this  country  as  a  cereal  food  for  man.  Only  one  sample  of  barley 
flour  has  been  found  in  the  local  market  during  this  investigation.  As 
malt  extracts  and  in  malted  products  barley  has  a  limited  use  as  a  food. 
Of  all  the  cereals  it  has  the  highest  enzymic  power,  and  where  it  is 
desirable  that  the  conditions  be  supplied  for  a  rapid  conversion  of  starch 
into  maltose  and  dextrin  the  presence  of  barley  is  highly  important. 
It  must  be  remembered,  however,  that  this  maximum  enzymic  power  is 
not  exercised  until  after  the  barley  has  been  sprouted,  and  it  is  evident, 
therefore,  that  the  use  of  the  un sprouted  barley  in  the  form  of  ordinary 
flour  would  not  secure  in  the  highest  degree  the  activity  of  the  enzymic 
ferments.  The  single  sample  of  barley  flour  which  has  been  luirchased 
in  the  open  market  was  manufactured  by  the  Health  Food  Company, 
No.  61  Fifth  avenue,  New  York  City,  and  the  package  cost  25  cents. 
The  analytical  data  obtained  on  its  examination  are  as  follows : 

Composition  of  iarley  flour,  serial  No.  14372. 

Per  cent. 

Crude  fiber 0.67 

Ash 0.86 

Carbohydrates  other  than  fiber...  79.83 

The  extremely  low  percentage  of  i:)roteids  in  the  sample  is  to  be 
remarked,  j^robably  being  due  to  the  method  of  preparation  of  the  flour 
from  the  original  grain,  whereby  portions  of  the  grain  rich  in  proteid 
matter  have  been  removed.  It  will  not  be  possible,  from  the  examination 
of  a  single  sample,  to  make  any  statement  in  regard  to  what  the  com- 
position of  a  typical  barley  flour  should  be.  When  we  compare  the 
data  obtained  from  this  analysis,  however,  with  the  average  composition 
of  barley  as  determined  by  the  samples  collected  at  the  World's 
Columbian  Exposition,  we  sae  the  great  variations  shown  in  its  compo- 
sition in  respect  of  ash,  ether  extract,  and  proteids.  It  is  evident  that 
in  the  process  of  milling  the  germ,  which  contains  the  chief  part  of  the 
oil,  has  been  Iirgely  removed,  as  well  as  the  outer  envelope,  containing^ 
the  chief  portion  of  the  ash.  The  more  starchy  parts  of  the  grain  have 
been  preserved,  and  consequently  the  relative  percentage  of  starch  in 
the  meal  is  very  much  higher  than  in  the  grain  itself. 

BUCKWHEAT   FLOUR. 

This  flour  is  used  very  extensively  in  the  United  States,  chiefly  for 
making  cakes.  The  cake  is  prepared  from  batter  which  is  mixed 
with  yeast  over  night,  or  until  the  proper  fermentation  takes  place. 
The  leavening  is  also  sometimes  accomplished  by  means  of  baking 
powder.  It  is  baked  on  a  piece  of  smooth,  hot  irou,  previously  greased 
to  prevent  sticking.  The  batter  is  poured  over  the  iron  in  such  quan- 
tity as  to  produce  a  cake  which  is  about  a  quarter  of  an  inch  or  a  little 
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less  in  tliickness  wbeu  finished.  The  baking  is  done  very  quickh^  As 
soon  as  the  cake  is  brown  from  contact  with  the  hot  iron  it  is  turned  by 
the  cook  with  skillful  movement,  so  that  both  sides  are  baked  brown. 
It  is  evident  in  this  process  that  the  starch  can  be  but  very  little 
changed,  except  such  change  as  a  high  temperature,  probably  reaching 
not  much  above  the  boiling  point  of  water  in  the  interior,  can  produce 
in  a  few  moments.  The  cakes  are  eaten  hot  with  some  kind  of  sirup. 
In  the  hotels  the  cakes  are  usually  served  with  maple  sirup,  which  may 
be  either  genuine  or  a  compound  containing  no  maple  at  all,  but  a 
sirup  flavored  with  the  extract  of  hickory  bark,  which  gives  the  maple 
flavor  to  the  whole  mass.  Other  forms  of  sirup,  such  as  melted  sugar, 
molasses  from  sugarcane  or  sorghum, honey,  or  a  compound  consisting 
of  glucose  flavored  with  a  little  sugar-house  sirup,  are  employed. 

The  buckwheat  cake  is  highly  valued,  not  only  as  a  food,  but  as  a 
delicacy.  One  of  the  largest  manufacturers  of  buckwhent  flour  in  the 
United  States  is  the  Larrowe  Milling  Company,  of  Cohocton,  X.  Y. 
The  proprietors  of  this  establishment  have  kindly  furnished  a  descrip- 
tion of  the  methods  of  preparing  the  flour.  During  the  process  of 
milling  the  buckAvheat  grains  pass  to  a  receiving  separator,  which 
removes  all  the  coarse  particles,  stones,  straws,  etc.,  by  means  of  a 
series  of  sieves.  At  the  same  time  any  dust  which  they  contain  is 
blown  out  by  a  current  of  air.  The  sifted  grains  pass  next  to  the 
scouring  machines,  in  which  they  are  thoroughly  scoured,  cleaned,  and 
polished.  From  these  machines  the  grains  pass  to  a  separator  con- 
taining magnets,  by  means  of  which  any  pieces  of  metal  in  the  form  of 
nails,  screws,  i^ieces  of  wire,  etc.,  are  removed. 

The  grains  next  pass  through  a  steam  dryer  for  removing  the  greater 
portion  of  the  water  employed  for  the  scouring.  As  soon  as  they  are 
dry  they  are  again  treated  to  a  blast  of  air,  which  removes  any  dirt, 
dust,  or  light  particles  which  may  have  been  detached  during  the 
process  of  drying.  The  grains  next  pass  to  the  shelling  rolls,  where 
the  greater  i)art  of  the  outer  hulls  is  removed.  This  process  is  accom- 
plished by  means  of  an  apparatus  which  is  called  a  sieve  scalper. 
After  the  separation  of  the  outer  hulls  the  residue  of  the  material 
l^asses  to  a  drying  chamber,  where  the  moisture  is  reduced  to  about  10 
per  cent,  thus  insuring  the  keeping  (pialities  of  the  flour.  After  drying 
the  grains  are  ready  for  the  rolls.  After  entering  the  rolls  the  process 
is  practically  the  same  as  that  which  is  employed  in  milling  wheat, 
consisting  of  a  series  of  breaks  and  reductions,  with  the  attendant 
bolting  and  grading,  and  this  process  is  prolonged  until  the  flour  is 
practically  removed  from  the  feed  or  middlings.  The  sifting  cloths 
used  in  the  bolting  of  buckwheat  flour  are  somewhat  coarser  than  those 
for  wheat,  and  this  allows  some  of  the  dark  particles  of  the  inner 
hulls  to  pass  into  the  flour,  which  gives  it  a  dark  color  on  baking.  It 
is  quite  i^ossible  to  make  a  buckwheat  flour  as  white  as  that  trom  wheat, 
but  in  this  country  the  public  taste  recpiires  a  darker  product,  so  that 
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tbe  white  flour  does  not  readily  sell.  The  requisite  degree  of  darkness 
is  secured  by  using  bolting  cloths  which  will  allow  enough  of  the  inner 
hulls  (middlings)  to  pass  into  the  flour.  Two  grades  of  flour  are  gener- 
ally produced — a  whiter  one,  in  which  finer  cloths  are  used,  and  a  darker 
flour  made  by  using  coarser  bolting  cloths,  allowing  larger  quantities  of 
middlings  to  pass  through.  The  outer  hulls,  which  are  first  removed, 
are  used  for  fuel,  although  from  their  composition  it  is  seen  that  they 
contain  a  large  quantity  of  carbohydrates  and  might  be  veryi)rotitably 
used  in  connection  with  some  highly  nitrogenous  food,  such  as  cotton- 
seed meal  or  buckwheat  middlings  for  feeding  cattle.  The  middlings 
are  used  principally  as  cattle  food,  and  especially  by  dairymen.  Follow- 
ing is  an  analysis  of  the  several  products  obtained  by  the  milling,  from 
samples  furnished  by  the  Larrowe  Milling  Company  mentioned  above: 

Composition  of  huckwheat  products  from  Larrowe  Milling  Company,  Cohocton,  N.  Y. 


Serial 
No. 

Sample. 

Mois- 
ture. 

Prote- 
ids. 

Ether 

ex- 
tract. 

Ash. 

Crude 
tiber. 

Carbo- 

hy- 
drates 
by  dif- 
ference. 

Calcula- 
ted calo- 
ries of 
combus- 
tion. 

16139 

Buctwbeat  bulls    ...... 

Ferct. 
7.06 
10.20 
11.89 

11. 19 

Per  ct. 

3.31 

31.31 

8.75 

9.81 

Per  ct. 
0.47 
8.30 
1.58 

2.33 

Per  ct. 
2.19 
4.97 
1.85 

1.53 

Per  ct. 
2.96 
5.84 
0.52 

0.73 

Per  ct. 
84.01 
39.38 
75.41 

74.41 

3  892 

16140 
16141 

Buckwheat  feed  or  middlings 

4,527 
3,854 

16142 

Buckwheat  flour,  more  middlings 
than  16141              

3,954 

DISCUSSION   OF   BUCKWHEAT   PRODUCTS. 


One  of  the  most  remarkable  facts  revealed  by  the  above  data  is  seen 
in  the  relative  composition  of  the  outer  hulls  and  the  inner  hulls,  known 
as  the  buckwheat  feed  or  middlings.  It  would  naturally  be  expected 
that  the  outer  hulls,  being  the  coarser  particles,  would  contain  the 
larger  quantity  of  ash  and  tiber,  but  the  analytical  data  show  that  this 
is  not  the  case.  There  is  perhaps  no  other  cereal  hull  or  envelope 
which  contains  so  large  a  quantity  of  carbohydrates  as  is  seen  in  the 
buckwheat  hulls,  viz,  84  per  cent  of  the  whole  weight.  This  product 
is,  of  course,  correspondingly  poor  in  proteid  matter  and  fats.  The 
inner  coatings  of  the  grain,  constituting  the  middlings,  contain  a  large 
excess  of  proteid  matter,  viz,  a  little  over  31  i^er  cent.  The  middlings 
also  contain  the  germ  of  the  seed,  as  is  shown  by  the  high  content  of 
fat,  viz,  over  8  per  cent.  They  also  contain  a  large  excess  of  tiber, 
which  shows  that  the  inner  hulls  are  tougher  and  tinner  in  texture 
than  the  outer  ones.  The  quantity  of  ash  is  also,  strange  to  say,  very 
much  larger  in  the  inner  than  in  the  outer  hulls.  The  carbohydrates 
are  correspondingly  low.  A  study  of  the  data  for  these  two  products 
shows  that  they  could  be  mixed  together  in  a  tinely  ground  state  and 
make  a  very  evenly  balanced  cattle  food.  The  analytical  data  show  a 
very  close  agreement  between   the  white  and  the  dark  buckwheat 
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flours,  but  tlie  relative  compositiou  is  not  the  same  in  everj^  case,  as 
would  be  expected.  For  iustauce,  the  white  flour  is  found  to  contain 
more  ash  than  the  dark  flour,  which  would  not  be  expected  from  a 
comparison  of  the  i^receding  data.  It  must  be  remembered,  however, 
that  the  data  represent  onlj^  a  single  analysis,  and  this  would  i)rob- 
ably  not  be  found  true  if  a  large  number  of  analyses  were  made.  In 
other  respects  the  differences  between  the  dark  and  white  flours  are 
such  as  would  be  obtained  by  mixing  .">  or  10  per  cent  of  the  middlings 
with  9.J  or  90  i)er  cent  of  white  flour.  It  is  jjrobable  that  in  resi)ect  of 
adulteration  there  is  a  larger  amount  of  it  practiced  in  the  case  of 
buckwheat  than  with  any  other  cereal  product.  Only  a  careful  njicio- 
scopical  study  of  the  samples,  however,  can  reveal  the  extent  and 
character  of  the  adulteration.  The  price  of  buckwheat  being  rela- 
tively higher  than  that  of  rye  and  other  cereals  from  which  a  flour 
corresponding  to  that  of  buckwheat  can  be  made,  renders  it  profitable 
to  adulterate  buckwheat  with  other  cereal  flours.  This  adulteration  is 
probably  no  detriment  from  a  nutritive  point  of  view,  but  as  in  the 
case  of  all  other,  even  harmless,  adulterations,  it  deserves  condemna- 
tion on  economical  and  ethical  grounds. 

FLOUR  AND  MEAL  SUBSTITUTES. 

In  this  country,  where  the  cereals  are  so  abundant  and  so  cheap, 
there  is  little  inducement  to  seek  lor  substitutes  for  them  in  the  process 
of  bread  making.  Many  substitutes,  however,  have  been  and  are  still 
used  in  different  parts  of  the  world  for  cereals  in  the  preparation  of 
bread.  In  localities  where  starch  is  made  from  wheat  an  attemi)t  has 
been  made  to  use  the  glutinous  residue  for  the  fabrication  of  a  flour 
containing  very  little  carbohydrate  matter.  Only  such  a  flour  should 
bear  the  name  of  a  gluten  flour  or  gluten  meal.  The  glutinous  residue 
or  by-product  of  the  manufacture  of  starch  from  wheat  is  dried  and 
ground  and  added  to  ordinary  flour  in  different  i)roportions  for  the 
purpose  of  increasing  the  jjercentage  of  nitrogenous  matter  and  dimin- 
ishing that  of  the  carbohydrates.  The  bread  made  from  such  a  mix- 
ture, it  is  easily  seen,  is  not  a  normal  one.  but  has  been  recommended 
largely  by  physicians  for  persons  suftcring  from  diabetes.  The  material 
secured  by  grinding  the  glutinous  residue  is  very  commonly  known  as 
aleuronat  flour.  Other  materials  which  are  used  for  mixing  with  wheat 
or  rye  flour  are  the  meal  of  Indian  corn,  dari  corn,  oats,  barle}',  and 
sorghum  seed. 

SUBSTITUTES   OTHER   THAN   CEREALS. 

According  to  FEcho  Agricole,  Nov.  18,  1807,  there  are  many  frauds 
practiced  in  France  by  mixing  the  flour  of  maize  and  the  flour  of  rice 
with  wheat  flour.  It  is  said  that  the  merchants  of  Bordeaux  mix  10 
per  cent  of  maize  flc.ir  and  .3  per  cent  of  flour  of  rice  with  the  wheat 
flour. 
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The  foregoing  materials  all  beloDg  to  the  cereal  class,  and  therefore 
a  bread  made  from  tliese  mixtures  is  a  true  cereal  bread.  When  we 
pass  to  another  character  of  substitutes,  however,  this  statement  can 
not  be  applied,  for  numerous  attempts  have  been  made  and  are  making 
for  the  substitutiou  of  pea  and  bean  meal,  peanut  meal,  castor-bean 
meal,  and  jjrotein-rich  materials  which  possess  a  pleasant  taste  and  can 
be  used  without  exciting  suspicion  as  substitutes  for  wheat  and  flour. 
In  some  cases,  also,  the  condensed  whey  obtained  from  cheese  factories 
has  been  employed  as  a  substitute  for  the  cereal.  The  whey  is  evapo- 
rated to  a  thick  sirup  and  mixed  directly  with  the  flour.  A  bread  made 
from  such  a  mixture  was  found  to  have  the  following  composition: 

Per  cent.   I  Per  cent. 

Moisture 39.20  '  Ash 1.93 

Proteicls  8. 14  \  Crude  fiber 0.  30 

Ether  extract 0.70  j  Carbohydrates  other  than  fiber  . ..  49.73 

In  the  above  case  the  carbohydrates  consist  largely  of  the  milk  sugar 
which  is  present  in  the  whey.  A  whey  bread  is  said  to  possess  a  pleas- 
ant, sweet  taste,  w^hich  is  not  at  all  disagreeable. 

USE   OF   MAIZE   MEAL   FOR   WHEAT   AND   RYE   FLOUR. 

It  is  a  curious  fact,  especially  so  to  the  large  part  of  the  population 
of  this  country  who  so  readily  eat  bread  made  of  Indian  meal,  to  know 
that  this  substance  is  considered  in  Germany  unfit  for  bread-making. 
I:^evertheless,  attempts  have  been  made  in  that  country  to  substitute 
Indian  meal  for  a  portion  of  the  rye  meal  employed  in  the  ordinary 
process  of  paniflcation.  In  general,  it  is  said  that  not  more  than  25  per 
cent  of  maize  meal  should  be  used  for  this  purpose;  otherwise  the  bread 
will  become  unpleasant  and  have  a  dry  taste.  On  the  other  hand,  a 
bread  which  does  not  contain  more  than  25  per  cent  of  maize  meal  is 
said  to  have  a  pleasant  taste,  to  be  sufficiently  moist,  and  upon  masti- 
cation to  excite  no  uupleasant  sensation  in  the  mouth,  provided,  how- 
ever, that  the  maize  meal  is  of  good  quality. 

In  this  country,  also,  in  many  localities  there  is  a  practice  of  mixing 
maize  meal  with  wheaten  flour  with  no  fraudulent  intent,  but  in  gen- 
eral a  corn  bread  made  of  maize  meal  alone  is  preferred,  and  it  has  not 
been  found,  as  in  Germany,  that  it  excites  any  unpleasant  sejisation  in 
the  mouth  during  the  process  of  mastication.  The  Germans  recom- 
mend a  maize  meal  x>repared  by  Sheppard's  process,  which  is  as  fol- 
lows: The  maize  is  first  broken  into  large  pieces  and  dried  with  steam 
at  a  temperature  of  from  105°  to  110°  C.  The  hot  material  then  passes 
into  a  mill  composed  of  two  stones,  which  revolve  very  rapidly  in  oppo- 
site directions.  The  swollen  portions  of  the  meal,  which  have  been 
reduced  to  a  kind  of  a  gum  by  the  high  temperature,  are  separated  in 
this  process  from  the  covering  or  bran  of  the  kernels.  A  swollen  mass 
of  starchy  material  leaves  the  mill  in  the  form  of  small  noodles,  which 
are  completely  freed  of  any  particles  of  bran  by  sifting.  In  this 
manner  a  material  is  obtained  which  is  quite  free  from  crude  fiber  and 
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fat.  The  starch}^  masses  are  subsequently  dried  and  ground  to  a  fine 
meal.  The  composition  of  a  maize  meal  prepared  by  the  above  i)rocess 
is  as  follows : 


Per  cent. 

Moisture 9.  70 

Pioteias 12.  68 

Ether  extract 1.19 

Ash 0  60 


Per  cent. 

Crude  fiber 0.  35 

Dextrin,  giim.  etr- 19.  51 

Starch 5L  97 


The  composition  of  four  samples  of  bread  made  of  pure 'white  rye 
meal  and  mixtures  of  this  with  Sheppard's  maize  meal  are  shown  in 
the  following  table  in  percentages. 

I  is  a  bread  made  of  pure  white  rj-e  meal. 

II  contains  three-fourths  rye  meal  and  one-fourth  yellow  maize  meal. 

III  and  IV  are  comi^osed  of  three  fourths  rye  meal  and  on,i-fourtk 
white  maize  meal  made  by  Sheppard's  process  as  indicated  above. 

Composition  of  rije  and  maize  mixture. 


Constituents. 


II. 


III. 


IT. 


Moisture 40.  54 

Proteids 7.  43 

Ether  extract 0.  94 

Ash 0.87 

Crude  fiber 0.  69 

Dextrin,  gum.  etc [  7.  80 

Starch 41.73 


40.32 

40.99 

40.00 

7.44 

7.44 

7.37 

0.82 

0.88 

1.62 

0.77 

0.84 

1.13 

0.48 

0.53 

0.78 

9.54  ! 

8.89 

6.95 

40.34 

40.43 

42.15 

In  regard  to  the  use  of  Indian-corn  meal  for  mixing  with  wheaten 
flour  in  this  country,  a  prominent  army  officer  of  large  experience  in 
the  Commissary  Department,  under  date  of  March  20.  1897,  gives  the 
following  information : 

The  Indian-corn  flour  used  in  adulterating  wheat  flour  is  especially  prepared  at 
at  least  two  mills  in  this  section  of  the  country,  one  in  Cincinnati  and  the  other  in 
Kansas,  and  such  Indian-corn  flour  is  not  pu  upon  the  market  at  all.  It  is  made 
and  solely  prepared  for  use  in  adulterating  wheat  flours.  To  an  unpracticed  eye  the 
corn  flour  made  at  the  Cincinnati  mill,  without  any  mixture,  could  be  passt-d  off  as 
a  spring-wheat  flour.  It  has  the  sauie  feel,  and  the  same  appearance  to  the  inexpert; 
of  course,  it  lacks  taste  and  color  when  critically  examined,  htit  it  is  of  such  a  nature 
that  it  is  diliicult  to  detect  it  in  mixtures,  even  though  iu  very  large  proportions. 

Detection  of  Corn  Meal  in  Flour, 

The  directions  which  are  given  in  works  on  food  adulteration  for  the 
detection  of  the  presence  of  Indian-corn  tiour  in  the  wheaten  tlour, 
aside  from  a  microscopic  examination,  are  of  little  value.  It  has  been 
stated  that  i^ure  wheat  Hour  is  colored  yellow  when  treated  witli  ammo- 
nium hydroxid,  whereas  Indian  corn  Hour  which  has  been  treateil  in 
the  same  way  assumes  a  pale-brown  color.  In  certain  sample.^  of  winter- 
wheat  Hour  it  has  been  found  that  ammonium  hydroxid  i)roduces 
hardly  auy  color  at  all,  at  most  only  a  very  indistinct  yellow  with  a 
greenish  tinge.    In  tlours  made  from  spring  wheats  the  color  tests  with 
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ammonium  hydroxid  are  more  marked.  With  Indian-corn  flour  the 
ammonium  hydroxid  x)roduces  also  a  yellow  color  with  a  greenish  tinge. 
The  colorations  produced  by  this  reagent  are  of  such  an  indistinct 
character  that  no  reliable  indications  can  be  given  by  its  use,  especially 
in  a  mixture. 

A  method  of  detecting  an  admixture  of  maize  meal  in  wheat  flour  is 
described  in  ^N'orthwestern  Miller  of  March  19, 1897.  This  process  has 
not  been  tried  by  us,  but  is  highly  commended  by  the  journal  above 
cited. 

The  only  apparatus  needed  is  a  small  piece  of  No.  14  bolting  cloth  and  a  wide- 
moutlied  jar;  a  fruit  jar  will  do  very  well.  Take  a  small  sample  of  the  suspected 
flour,  such  as  can  readily  he  held  in  the  hand,  and  dough  it  up.  Then  fasten  the 
bolting  cloth  with  a  string  or  rubber  band  over  the  mouth  of  the  jar,  thus  making 
a  sieve,  and  gently  knead  the  dough  under  a  trickling  stream  of  running  water, 
holding  it  over  the  sieve.  The  starch  will  run  oif  with  the  water  into  the  jar,  and 
when  nothing  more  can  be  kneaded  away  there  will  remain  in  the  hand  a  residue 
of  gluten  and  fiber,  which  should  be  dried;  and  then,  in  the  case  of  pure  wheat  flour, 
this  residue  will  be  of  an  even  yellowish  color,  but  with  an  admixture  of  only  a 
small  per  cent  of  corn  flour  the  residue  w^ill  be  streaky,  and  when  dried  out  the 
unevenness  is  so  marked  that  no  one  can  fail  to  see  it.  The  corn-flour  residue  is  a 
chalky  white,  and  the  wheat-floar  gluten  a  dark  yellow  color.  When  the  gluteus 
are  washed  out,  they  may  be  left  to  dry  out  naturally,  or  the  drying  may  be  done  in 
a  moderately  warm  oven  or  over  a  heater.  For  convenience  in  handling,  it  is  w^ell 
to  put  them  on  small  pieces  of  cardboard.  Instead  of  kneading  the  dough  in  the 
hand,  it  may  be  put  directly  on  the  sieve  and  worked  with  the  handle  of  a  teaspoon. 
By  the  method  herein  described  an  admixture  of  as  low  as  5  per  cent  of  corn  flour 
can  be  readily  detected,  and  we  have  detected  admixtures  of  only  1  per  cent  of  corn 
flour. 

We  have  examined  many  samples  of  corn  flour,  and  find  that  when  sifted  wath  a 
No.  16  sieve  very  little  of  the  corn  flour  goes  through,  while  winter- wheat  flour 
usually  sifts  through;  hence  we  have  tested  suspected  flour  by  first  sifting  it  and 
then  making  two  doughs,  one  of  the  siftings  and  one  of  the  sieve  tailings.  When 
treated  as  above  described,  the  difference  in  the  case  of  mixed  flours  is  marked.  The 
gluten  of  the  finer  flour  shows  scarcely  a  trace  of  corn  flour,  while  the  gluten  of  the 
coarser  part  shows  a  large  proportion  of  the  corn-flour  residue. 

The  feeling  of  the  corn  flour  is  a  very  good  rough  guide.  It  feels  entirely  different 
from  wheat  flour  or  middlings,  and  is  more  like  some  grades  of  fine  sugar.  An 
expert  can  tell  the  presence  of  a  small  per  cent  of  corn  flour  in  wheat  flour  by  merely 
feeling  it,  but  the  washing-out  test  we  have  described  is  a  certain  indication  that 
anyone  can  readily  apply. 

Inasmuch  as  wheat  flour  contains  no  zein,  and  the  protein  of  maize 
meal  consists  chiefly  of  this  substance,  attempts  have  been  made  in  this 
laboratory  to  establish  the  presence  of  maize  meal  in  wheat  flour  by 
separating  and  identifying  the  zein.  The  method  is  promising,  but 
no  practical  process  depending  on  it  has  yet  been  worked  out.  Any 
process  of  this  kind  would  be  useless  if  maize  starch  instead  of  maize 
meal  were  the  adulterant. 

USE  OF  POTATOES  FOR  CEREALS. 

The  use  of  potatoes  in  bread  making  is  very  extensively  practiced  in 
Europe,  and  is  not  unknown  in  this  country.    The  result  of  mixing 
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potatoes  with  tlour  in  bread  iiiakiug  is  au  increase  of  the  caiboliydraies 
aiid  a  decrease  of  the  proteid  matter  in  the  loaf.  There  is  no  objection 
to  the  use  of  potatoes  in  bread  making  from  a  hygienic  point  of  view, 
provided  the  amount  of  admixture  is  not  sufficient  to  make  too  wide  a 
nutritive  ratio.  The  natural  ])roportions  of  proteid  matter  and  carbo- 
hydrates in  cereals  are  evidently  best  adapted  to  the  nourishment  of 
man,  and  any  wide  departure  from  that  ratio,  either  in  the  one  case  in 
increasing  the  amount  of  gluten,  as  in  gluten  breads,  or  in  the  other  by 
diminishing  the  amount  thereof,  as  in  the  use  of  potatoes,  should  be 
avoided.  In  this  country  the  use  of  i)otatoes  in  bread  making  is  largely 
practiced  in  private  families,  where  the  bread  is  prepared  for  home  use. 
In  many  parts  of  the  country  it  is  quite  a  constant  custom  to  mix  a  portion 
of  potatoes  with  the  tiour,  as  it  is  thereby  supposed  that  a  better  bread 
can  be  secured.  This  idea,  however,  is  probably  erroneous.  The  chief 
object  of  mixing  the  potatoes  with  the  bread  is  to  ])revent  a  too  rapid 
drying  of  the  loaf.  The  drying  of  the  loaf,  however,  can  be  verj-  effect- 
ively prevented  by  proi^er  baking,  inclosing  the  moist  interior  with  a 
practically  impervious  crust.  From  a  financial  point  of  view  the 
admixture  of  potatoes  with  wheat  tlour  in  bread  making  is  remunera- 
tive only  when  the  price  of  the  potato  starch,  as  compared  with  that  of 
the  same  amount  of  material  in  cereals,  is  less.  While  this  character 
ot  adulteration,  as  has  been  said,  is  not  prejudicial  to  health,  it  should 
not  be  practiced  by  bakers  and  others  who  sell  loaves  without  inform- 
ing the  purchasers  of  the  character  and  extent  of  the  admixture.  It 
would  probably  be  very  difficult  to  detect  the  presence  of  added  pota- 
toes in  bread,  provided  the  mixture  of  the  dough  was  thoroughly 
accomplished  and  the  baking  was  attended  with  a  sufficiently  high 
temperature  to  disintegrate  the  starch  granules.  Moreover,  before 
mixing,  the  potatoes  are  boiled  and  reduced  to  a  fine  paste,  whereby 
the  structure  of  the  starch  granules  is  so  disorganized  as  to  make  their 
detection  by  ordinary  microscopic  tests  difficult  and  almost  impossible. 
Bread  showing  an  abnormally  lowj^ercentage  of  proteid  matter  might 
be  suspected  of  being  mixed  with  potatoes,  but  it  would  be  difficult,  as 
indicated,  to  secure  a  convincing  proof  of  this  fact  in  the  absence  of 
the  testimony  of  the  baker  himself. 

REPORTS  AS   TO  MINERALS  AND  WOOD  AS  SUBSTITUTES. 

The  use  of  chalk,  terra  alba,  and  other  substances  of  like  character  in 
tlour  is,  as  far  as  my  knowledge  extends,  never  practiced  i:i  the  I'uited 
States.  Instances  are  on  record  of  such  adulterations  in  foreign  tiours, 
but  as  a  rule  the  price  of  cereals  in  tliis  country  is  so  low  as  to  make 
it  of  little  object  to  practice  this  form  of  adulteration.  Of  course  any 
admixture  of  these  mineral  substances  could  be  detected  in  the  ash  of 
a  flour.  In  a  flour  showing  an  excessively  high  content  of  ash  it  niust 
always  be  supi)osed  that  some  mineral  substances  are  added.  In  tlie 
self  raising  flours  we  know  what  these  substances  are.  If.  however,  the 
17408— Xo.  13 9 
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analysis  should  reveal  the  presence  of  a  large  quantity  of  ash  not  due 
to  the  ingredients  usually  employed  in  the  preparation  of  leavening 
agents,  it  might  be  worth  while  to  examiue  further  in  regard  to  the 
character  of  the  added  material.  It  is  evident,  however,  that  the  per- 
centage of  such  material  which  would  render  its  use  as  an  adulterant 
profitable  would  be  so  great  as  at  once  to  be  revealed  upon  a  simple 
ignition.  In  the  examination  of  hundreds  of  flours  in  the  laboratory  of 
this  division  no  instance  of  such  an  adulteration  has  ever  been  noted. 

In  the  same  category  may  be  placed  the  reports  of  admixing  ground 
dry  wood  with  flour  and  meal.  Such  an  adulteration  is  reported  in  the 
Industrial  American  of  May  15,  1892,  copied  from  a  newspaper  of  large 
circulation.  It  is  stated  that  white  beech  wood,  after  the  removal  of 
the  bark,  is  reduced  to  shavings,  which  are  afterwards  dried  and  ground, 
and  the  powder  tluis  secured  employed  for  adulterating  flour.  Such 
reports  are  probably  without  foundation,  but  unfortunately  are  believed 
by  a  large  number  of  credulous  people. 

Since  the  foregoing  was  written  an  article  has  been  i:>ublished  in  the 
American  Grocer  of  June  15,  1898,  calling  unfavorable  attention  to  an 
advertisement  of  "  Mineraline,"  consisting  of  ground  soapstone  as  an 
adulterant  of  flour. 

The  use  of  other  materials  as  substitutes  for  cereal  meals  in  bread 
making  will  be  noticed  on  page  1332  et  seq. 

RELATIVE  NUTRITIVE  PROPERTIES  OF   TVHEAT  AND  MAIZE. 

There  is  a  widespread  opinion  that  the  products  of  Indian  corn  are 
less  digestible  and  less  nutritious  than  those  from  wheat.  This  opinion, 
it  appears,  has  no  justification,  either  from  the  chemical  composition  of 
the  two  bodies,  nor  from  recorded  digestive  and  nutritive  experiments. 
A  study  of  the  analytical  data  of  the  whole  grain  shows  that  in  so  far 
as  actual  nutrients  are  concerned  the  maize  is  fully  as  nutritious  as 
wheat.  The  ash  content  of  maize  and  its  products  is  probably  not 
quite  so  high  as  that  of  wheat,  and  there  is,  therefore,  a  slight  defi- 
ciency of  the  mineral  foods  employed  in  the  nourishment  of  the'^body. 
Inasmuch,  however,  as  the  cereals  contain  an  excess  of  mineral  matters 
above  the  needs  of  the  body,  tbis  slight  deficiency  is  of  no  consequence. 
In  respect  of  its  content  of  fat,  Indian  corn  and  its  products  easily  take 
precedence  of  all  the  other  cereals,  with  the  exception  of  hulled  oats. 
In  round  numbers,  it  contains  twice  as  much  fat  or  oil  as  wheat,  three 
times  as  much  as  rye,  twice  as  much  as  barley,  and  two-thirds  as  much 
as  hulled  oats.  In  regard  to  digestible  carbohydrates,  that  is,  starch, 
sugar,  dextrin,  and  digestible  fiber,  it  possesses  a  higher  content  than 
hulled  oats,  almost  the  same  as  wheat,  and  slightlj^  less  than  rye  or 
barley.  OomiDaring  the  content  of  nitrogenous  matters  with  that  of 
other  cereals,  it  is  found  that  the  first  place  must  be  awarded  to  oats, 
especially  if  they  have  been  hulled.  Indian  corn,  however,  has  nearly 
the  same  quantity  of  proteid  matter  as  the  other  leading  cereals,  oats 
excei)ted. 
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EXPERIMENTS   IN  FEEDING   CORN   AND    WHEAT. 

In  regard  to  the  digestibility  of  Indian  corn  and  wheat,  it  must  be 
admitted  that  a  larger  amount  of  experience  has  accumulated  with 
Indian  corn  than  with  wheat.  The  low  price  of  wheat  in  the  last  few 
years  has,  however,  directed  a  considerable  amount  of  attention  to  the 
use  of  that  cereal  instead  of  Indian  corn  in  the  feeding  of  animals. 
The  data  which  have  been  obtained  in  this  country,  secured  from  com- 
parative feeding  experiments,  are  not  always  uniform.  In  some 
instances  it  has  been  thought  that,  pound  for  pound,  wheat  gave  a 
slightly  better  result  in  feeding  animals  than  Indian  corn,  while  in 
others  the  preference  is  given  by  the  experimenter  to  Indian  corn.  In 
experiments  made  in  the  South  Dakota  station  (Bulletin  38)  pigs  were 
fed  with  different  cereals,  among  others  with  ground  Indian  corn  and 
ground  wheat     The  comparative  results  obtained  were  as  follows: 

Summarized  results  of  experiments  icith  pi<i>i. 


Kind  of  cereal. 


Lot  3,  ground  com  . . . 
Lot  4.  ground  wheat  . 


W^eight 
of  lot  at 
begin- 
ning. 


Average  Total  Grain 
daily      grain  con-  eaten  per 

gain  per  sumed  pound 
pig.  by  lot.      of  gain. 


I      Average  gain. 


Per  100         Per 
pounds       bushel 
of  grain,    of  grain. 


Pounds.  \  Pounds.     Pounds.     Pounds. 
191  1. 40  1, 159  j  4. 58 

205  !  L32  1,144  I  4.81 


'  Pounds.  Pounds. 
21.83  ;  12.22 
20.79  i        12.49 


^^Sld^'j;;- 

P«^         dfesa 
of  grain.:         ^' 


Cents.    Per  cent. 
60.00  i  14.0 

58.39  16.5 


In  the  data  obtained  in  this  experiment  the  Indian  corn,  pound  for 
l^ound,  was  found  to  give  the  better  results  in  every  respect. 

COMPARATIVE    ASSI.MILATION   OF   WHEAT   AND    CORN. 

The  comparative  digestibility  of  wheat  and  Indian  corn  has  been 
studied  in  the  Minnesota  station  (Bulletin  Xo.  36).  The  data  obtained, 
with  the  exception  of  the  digestibility  of  the  ash,  are  as  follows: 

Digestion  coefficients  of  wheat  and  other  grains. 


Constituents. 


Dry  matter 

Proteids 

Ether  extract 

Crude  fiber 

Nitrogen-free  extract 


1   Cracked 
wheat. 

Cracked 
corn. 

82 

90 

1           80 

90 

70 

78 

60 

48 

83 

94 

From  these  data  it  is  seen  that  the  wheat  was  slightly  less  digestible 
than  the  Indian  corn.  From  a  studj^  of  the  data  at  the  Minnesota  sta- 
tion it  is  stated  that  when  corn  and  wheat  are  both  selling  at  50  cents 
per  bushel,  the  50  cents  will  purchase  the  same  amount  of  digestible 
dry  matter  in  both  instances.     In  the  case  of  wheat,  hovvever,  the  pur- 
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cliaser  will  obtain  2^  pounds  more  digestible  protein,  and  in  the  case  of 
Indian  corn  2^  pounds  more  digestible  carboliydrates.  The  quantity  of 
heat  generated  by  the  food  in  each  case  is  almost  exactly  the  same. 
The  result  of  these  experiments,  therefore,  is  to  establish  with  cer- 
tainty that  the  digestible  coefficient  of  Indian  corn  is  not  inferior,  but, 
if  there  be  any  difference,  superior  to  that  of  wheat.  Data  of  the  kind 
mentioned  above,  based  on  carefully  controlled  feeding  experiments, 
checked  at  every  point  by  chemical  analyses,  are  evidentl}'  of  far  greater 
value  than  those  which  are  rei^orted  by  the  Kansas  State  board  of 
agriculture  for  the  quarter  ending  September  30, 1894,  where  circulars 
were  sent  to  prominent  growers  of  stock  and  reports  of  their  observa- 
tions on  the  comparative  value  of  w^heat  and  Indian  corn  were  tabu- 
lated. As  a  result  of  the  preponderance  of  testimony  given  by  these 
circulars,  it  was  concluded  that  wheat  was  superior  to  Indian  corn, 
pound  for  pound,  as  a  food  for  animals.  These  reports,  however,  were 
based  merely  upon  observation,  and  were  not  controlled  in  any  way  by 
weighing  or  chemical  analysis.  The  conclusion,  therefore,  is  not  valua- 
ble as  evidence  when  contrasted  with  that  of  the  feeding  experiments 
at  the  Minnesota  station  above  mentioned. 

Comparative  Production  of  Pork  from  Wheat  and  Maize. 

In  experiments  made  at  the  Ohio  State  University,  collected  in 
Experiment  Station  liecord,  vol.  6,  page  406,  it  was  found  that  a  bushel 
of  wheat  produced  13.7  pounds  of  pork,  while  a  bushel  of  corn  made 
12.3  pounds.  When  the  difference  of  weight  between  a  bushel  of 
wheat  and  a  bushel  of  corn  is  considered,  the  actual  gain,  it  is  seen,  is 
almost  the  same  for  both.  Calculated  on  the  market  price  of  wheat 
and  Indian  corn,  it  cost  ^"ll.Ol  to  produce  100  i)ounds'  increase  with 
wheat,  and  $2.85  to  produce  the  same  increase  with  Indian  corn. 

Carefully  weighing  all  the  reliable  evidence  at  hand,  the  conclusion 
is  inevitable  that  from  the  i^oint  of  view  of  chemical  composition,  of 
digestibility,  and  of  nutritive  value  Indian  corn  with  its  products, 
pound  for  pound,  is  fully  equivalent  to  wheat.  In  the  case  of  food  for 
man,  which  this  bulbtin  particularly  has  to  consider,  there  must  be 
taken  into  account  the  additional  element  of  palatability.  It  is  evi- 
dent that  in  the  case  of  two  given  foods  of  almost  the  same  chemical 
composition,  and  of  equal  digestibility,  the  more  palatable  will  be  the 
more  valuable  food  for  man.  In  regard  to  palatability,  as  has  already 
been  mentioned,  there  is  the  widest  difference  of  opinion.  European 
writers  on  dietetics  uniformly  condemn  Indian  corn  and  its  products 
as  being  unfit  for  food  for  man.  On  the  other  hand,  the  ample  experi- 
ence of  our  own  country  shows  that  it  is  an  extremely  palatable  food, 
as  well  as  nutritious,  and  a  large  part  of  our  population  prefer  it,  from 
a  gustatory  point  of  view,  to  wheat.  It  must  be  admitted,  therefore^ 
that  in  respect  of  palatability  usage  is  an  important  factor,  and  it  is 
evident  that  other  nations,  when  accustomed  to  the  use  of  Indian  corn 
and  its  products  as  food  for  man,  would  find  it  equally  as  palatable  as 
it  is  found  to  be  in  the  United  States. 
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COMPARATIVE     NUTRITIVE    VALUE    OF    THE     CARBOHYDRATES. 

In  respect  to  the  comparative  nutritive  value  of  the  liemicelluloses, 
celluloses,  sugars,  and  starches,  investigators  have  not  secured  agreeing 
results.  Tlie  greater  number  of  authors  i)lace  the  nutritive  value  of 
digestible  pentosans  and  celluloses  after  that  of  starch  and  sugar. 

It  has  been  shown,  however,  that  very  little  of  the  digested  pento- 
sans appear  in  the  urine,  and  it  is  therefore  evident  that  nearly  all  the 
digested  hemicellnloses  suffer  oxidation  in  the  animal  organism.  When 
carbohydrates  are  oxidized  to  carbou  dioxid  and  water  their  nutritive 
value  is  nearly  the  same.  It  is  different,  however,  if  a  portion  of  them 
is  converted  into  methane,  in  which  case  the  oxidation  is  only  partially 
complete.  There  is  little  ground,  however,  for  the  common  assumption 
that  methane  is  derived  exclusively  from  celluloses  aud  pentosans.  It 
is  more  likely  to  come  from  the  starches  or  sugars,  which  are  more 
readily  attacked  by  the  ferments  producing  marsh  gas.  It  is  probable, 
therefore,  that  as  much  or  more  starch  than  pentosans  or  celluloses 
escapes  complete  oxidation.  It  is  true  pentosans  do  not  undergo 
alcoholic  iermentations,  but  it  is  not  true  that  they  are  not  fermentable, 
for  they  may  undergo  a  lactic  or  butyric  fermentation  in  which  marsh  gas 
is  one  of  the  products.  The  digestible  pentosans  and  celluloses,  there- 
fore, must  be  regarded  as  having  a  food  value  nearl}^  or  quite  equal  to 
that  of  starch. 

THE  ACTION  OF  SULPHUROUS  ACID  ON  FLOUR. 

If  sulphur  be  burned  for  purposes  of  fumigation  or  for  the  destruction 
of  insects  in  a  mill,  the  flour  subjected  to  the  fumes  may  undergo  some 
slight  changes.  This  action  has  not  been  verified  by  any  experiment 
in  this  laboratory,  and  the  following  statements  are  published  without 
indorsement. 

Several  flour  magazines  had  been  very  thoroughly  fumigated  for  the 
extermination  of  Ephestia  InichnieUa.  The  magazines  were  empty, 
excepting  one  containing  a  few  sacks  of  flour.  When,  some  time 
afterwards,  this  flour  was  taken  out  for  use,  it  was  found  impossible  to 
obtain  a  good  dough  from  the  same. 

NO   LOSS    OF   NUTRITIVE    PROPERTIES. 

The  following  experiment  will  explain  the  changes  that  had  taken 
place,  and  also  prove  that  none  of  the  nutritive  properties  had  been 
lost,  the  flour  still  being  serviceable  for  making  bread. 

The  flour  was  of  a  good  medium  quality,  in  chemical  and  ])hysical 
composition,  containing  in  100  parts — 

Ter  cent. 

Moisture lo.  tX) 

Gliiteu  (moist) 28.  CX) 

Ether  extract 1.  83 

Ash L13 

There  were  no  sulphates  in  the  ash. 

'M.  Ballard,  Jour,  de  pharin.et  de  cbiinie,  V  series.  Tome  XXII,  Sept.,  1890,  p.  241, 
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EFFECT   ON  FERMENTATION. 

A  paste  made  of  this  flour  and  kept  at  a  gentle  heat  was  in  full  fer- 
mentation after  twenty-four  hours,  at  the  end  of  that  time  giving  rise 
to  a  good  odor  of  leaven. 

At  first  sight  the  flour  presented  no  anomaly  either  to  the  eye,  touch, 
taste,  or  smell,  but  on  closer  examination  it  was  found  that,  though  no 
change  had  taken  place  in  the  quantity  of  moisture  and  fatty  matter 
present,  the  gluten  had  entirely  lost  its  cohesive  properties.  On 
attempting  to  collect  it  by  the  ordinary  methods  it  nearly  all  escaped 
with  the  wash  water. 

Flour  taken  from  the  center  of  the  sack  with  a  sampler  showed  this 
same  peculiarity  to  a  less  degree,  most  energetic  kneading  failing  to 
remedy  the  defect. 

A  paste  made  from  the  flour  in  the  same  manner  as  above  showed 
but  traces  of  fermentation  at  the  end  of  thirty  hours.  The  presence 
of  sulphurous  products  can  not  be  doubted,  as  on  raising  the  cover 
from  the  dough  that  had  been  standing  for  this  length  of  time  there 
was  a  slight  odor  of  hydrogen  sulphid.  On  placing  a  bright  silver 
coin  in  the  center  of  one  of  the  sacks  it  became  black  at  the  end  of 
eight  hours,  but  in  a  similar  control  experiment  performed  on  one  of 
the  original  sacks  a  coin  remained  bright.  The  weight  of  the  ashes 
had  not  changed,  but  a  trace  of  sulphate  was  found  and  the  acidity  of 
the  flour  had  increased  by  0.037  gram  in  100. 

Hence  the  effects  of  the  sulphuration  are  plain.  It  is  well  known 
that  sulphurous  and  suli)huric  acid  may  be  partially  reduced  to  sulphur 
under  the  influence  of  ferments.  This  fact  was  a  hint  to  study  the 
effect  of  the  various  sulphur  compounds  in  gluten. 

From  good  flour  containing  30  per  cent  of  gluten,  pastes  with  variable 
but  very  minute  quantities  of  hydrogen  sul^^hid  acid,  sulphurous  acid, 
sulphuric  acid,  and  sulphides  of  potassium,  sodium,  and  ammonium  were 
made,  and  in  all  cases  it  was  found  impossible  to  extract  all  the  gluten. 

On  the  other  hand,  good  moist  gluten  soaked  in  water  containing 
the  above  sulphur  compounds  disaggregates  rapidly,  and  it  is  thus 
shown  that  the  impossibility  of  collecting  the  gluten  in  the  sulphured 
flour  was  due  to  the  presence  of  these  compounds. 

Modification  of  Gluten. 

The  following  observations  prove  that  the  gluten  is  only  modified, 
preserving  its  nutritive  properties. 

(1)  If  on  the  one  hand  there  are  substances,  as  the  above  named, 
which  prevent  the  agglutination,  there  are  others  favoring  the  same. 
The  sulphured  flour  gave  28  per  cent  of  gluten  when  made  to  a  dough 
with  these  three  salts,^  that  is,  as  much  as  the  flour  gave  before  sul- 
phuring. 

'  Sodium  chloric!,  alum,  and  copper  sulphate.    M6moire  sur  les  farines  (Journ.  pharm.  et  chlm.,  1882.) 
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(2)  On  kueadiDg  25  grams  of  sulpljured  fioiir  with  10  grams  of  moist 
gluten  obtained  from  an  ordinary  Hour,  and  adding  enough  water,  a 
ver}^  liexible  dough  was  obtained.  From  this  dough  17  grams  of  ghiten 
were  obtained,  proving  that  the  7  grams  present  in  the  flour  liad 
become  agglutinated  to  the  10  grams  of  gluten  added. 

Hence  it  may  be  presumed  that  by  adding  gluten  and  salt  to  sul- 
phured flour,  and  by  forcing  fernieutation  with  a  strong  leaven,  proper 
panifaction  can  be  obtained.     Experiments  have  confirmed  this. 

EXPEKIMEXTS  IN  BREAD  3IAKIXG   WITH   SULPHURED   FLOUR. 

A  first  batch,  of  one- third  sulphured  and  two-thirds  foreign  flour, 
made  under  ordinary  conditions  of  baking  gave  an  excellent  bread 
containing  31.5  per  cent  moisture  after  sweating. 

A  second  batch,  with  equal  parts  of  sulphured  flour  and  fresh  flour, 
increasing  the  leaven  and  salt  iu  the  proportion  of  10  per  cent,  made  a 
very  good  bread  holding  1  per  cent  more  water  than  the  preceding. 

A  third  batch  of  two-thirds  sulphured  and  one  third  fresh  flour, 
increasing  salt  and  leaven  by  another  10  per  cent,  is  more  difficult  still 
in  working,  but  makes  a  bread  of  good  appearance.  On  taking  it  out 
of  the  oven  there  is  a  slight  odor  of  hydrogen  sulphid,  disappearing 
after  sweating.  The  bread  contains  1.3  ^er  cent  more  water  than  that 
of  the  first  batch. 

Finally,  a  fourth  batch  made  of  sulphured  flour  alone,  again  increas- 
ing leaven  and  salt  by  10  to  12  per  cent,  requires  tedious  and  long 
working,  and  after  fermentation  the  bread  is  more  soggy  and  flat. 
The  salt  taste  is  not  too  pronounced.  The  odor  of  hydrogen  sulphid  is 
very  appreciable,  but  after  sweating  entirely  disappears.  The  bread 
contains  2.4  per  cent  more  water  than  the  first  lot. 

It  may  be  added  that  biscuit  (crackers)  prepared  without  salt  or 
leaven  show  all  the  characteristics  of  a  good  product  and  there  is 
nothing  that  might  lead  to  the  supposition  that  physically  or  chemically 
the  ghiten  had  been  disaggregated  by  the  sulphuring. 

METHOD    OP   TESTING   FLOURS    PRACTICED    BY   THE  VIENNA 
BOARD  OF  HEALTHS 

The  board  of  health  of  Vienna  has  proposed  that  Professor  VogFs 
method  of  testing  flours  be  adopted  so  as  to  expedite  the  judgment  of 
suspicious  samples. 

This  method  requires  a  reagent  composed  of  70  percent  alcohol  con- 
taining 5  i)er  cent  hydrochloric  acid.  A  number  of  test  tubes  is  all  the 
apparatus  reijuired.  Two  grams  of  the  flour  are  mixed  with  10  c.  c.  of 
the  reagent,  well  shaken,  and  allowed  to  settle.  The  color  of  both  the 
precipitate  and  the  supernatant  liquid  is  then  observed. 

Pure  rye  or  wheat  flour  remains  white  and  the  li(iuid  is  colorless. 
Inferior  flours  show  a  slight  yellowish  tinge.     Pure  barley  or  oat  flour 


1  Extract  from  Ztschr.  Xahr.-Unters.,  Hyg.  u.  Waarenk.,  VII,  3, 45. 
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imparts  a  pure  yellow,  somewliat  of  a  straw  color,  to  the  liquid.  The 
flour  of  cockle  seed  as  well  as  that  of  the  Lolium  temulentum  give  it 
an  orange  color.  An  addition  of  5  i^er  cent  of  cockle  seed  to  either 
wheat,  barley,  or  rye  flour  is  shown  by  a  distinct  orange  color  of  the 
liquid.  Oowpea  as  well  as  bean  flour  color  it  a  beautiful  purplish  red; 
ergot,  blood  red.  From  5  to  10  per  cent  of  cowpea  flour  imparts  a 
beautiful  rose-red  color  which  a  higher  percentage  changes  to  a  violet, 
while  5  per  cent  of  ergot  will  color  it  an  intense  pink.  An  addition  of 
oat,  barley,  or  maize  flour  to  wheat  or  rye  flour  is  indicated  by  a  pure 
l^ale  yellow  color  of  the  liquid,  i^aturally  the  result  of  this  preliminary 
investigation  must  be  definitely  proved  by  a  subsequent  examination  at 
the  laboratory,  but  the  use  of  this  preliminary  method  will  materially 
decrease  the  laboratory  work  and  expedite  the  exclusion  of  unsound 
and  adulterated  flours. 

This  test  tried  with  samples  in  this  laboratory  gave  the  following 
results : 

Wheat  and  barley  kernels  ground  to  a  fine  flour  gave  a  colorless 
supernatant  liquid  when  shaken  with  the  reagent. 

Eye  and  oat  flour  gave  a  rather  deep  yellow  coloration.  Maize  flour 
(yellow)  gave  a  light  green  coloration  which  faded  after  twenty-four 
hours. 

A  slight  increase  in  the  strength  of  the  acid  caused  a  marked  increase 
in  the  strength  of  the  color.  These  tests  appear  to  have  but  little 
practical  value. 

MAKING  AND  BAKING  OF  BREAD. 

Under  the  term  bread  are  included  all  the  products  secured  by  baking 
the  flour  of  cereals,  whether  mixed  or  unmixed  with  condiments  or 
leavening  agents.  The  term  also  includes  like  products  in  which  the 
flour  of  cereals  forms  a  notable  or  predominating  part  of  the  whole. 
For  the  purposes  of  this  bulletin  the  term  bread  does  not  include  that 
large  class  of  products  made  from  cereals  in  which  sugars  of  different 
kinds  are  incorporated  for  giving  them  a  sweet  taste  or  for  other  pur- 
poses. From  a  scientific  point  of  view  there  is  no  reason  why  the  latter 
class  of  bodies  should  not  be  included  in  the  term  bread  if  that  term  be 
reserved  for  the  baked  products  of  the  cereals.  In  more  popular  lan- 
guage, however,  bodies  of  the  class  last  described  are  known  as  cakes 
or  puddings. 

In  addition  to  the  bodies  above  named,  products  of  other  starchy 
bodies  than  cereals  are  baked  into  loaves  and  known  as  bread.  Among 
these  the  most  important,  perhaps,  are  the  starches  of  various  descrip- 
tions, whether  coming  from  potatoes  or  the  family  of  the  arrowroot. 
Bread  is  also  made  in  limited  quantities  from  the  banana  and  other 
tropical  fruits.  Attempts  have  been  made  to  use  the  cakes  left  after 
the  pressure  of  oil  from  oil  seeds  for  the  manufacture  of  bread.  In 
these  cases,  however,  the  whole  loaf  is  not  made,  as  a  rule,  from  the 
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meal  derived  from  the  oil  cakes,  but  this  meal  is  used  only  as  an  adul- 
terant. The  use  of  tliese  various  bodies  is  practically  unknown  in  this 
country,  except  in  an  experimental  way,  and  therefore,  in  order  to  pre- 
vent tliis  bulletin  from  covering  too  large  a  field  of  inquiry,  these 
bodies  are  excluded  from  discussion.  There  are  to  be  considered  here, 
therefore,  under  the  term  bread,  only  those  products  which,  in  the 
common  language  of  the  country,  can  properly  be  designated  by  the 
term  bread. 

VARIETIES  OF  BREAD. 

All  the  breads  in  common  use  may  be  classed  under  two  great  heads, 
viz,  leavened  and  unleavened.  By  far  the  greater  quantity  of  bread 
consumed  belongs  to  the  former  class,  unleavened  bread  being  used 
only  during  certain  religious  festivals  or  in  the  form  of  biscuits  or  in 
certain  varieties  of  Indian-corn  bread,  such  as  hoecakeand  johnnycake. 

In  general,  leavened  breads  are  intended  for  consumption  within  at 
least  a  lew  days  after  they  are  prepared.  Exposed  to  the  air,  the  loaves 
of  leavened  bread  gradually  lose  moisture,  and  the  soft,  spongy  texture 
which  gives  them  so  much  of  their  value  from  a  gustatory  point  of  view 
is  lost.  For  hygienic  reasons  it  is  advisable  not  to  eat  leavened  bread 
imuiediately  after  baking,  but  only  after  twenty-four  hours,  and  when 
it  is  cold.  Certain  varieties  of  leavened  bread,  however,  in  this  country 
are  always  eaten  hot,  especially  for  breakfast.  This  is  esx^ecially  true 
of  the  rolls  made  with  chemical  leavening  agents,  such  as  the  baking 
powders  of  commerce.  Hot  rolls  made  by  yeast  fermentation  are  also 
very  common  as  a  breakfast  diet.  In  this  country  it  is  not  customary 
to  keep  leavened  bread  longer  than  a  few  days.  On  the  contrary,  the 
unleavened  bread,  such  as  the  biscuits  of  commerce,  can  be  kept  much 
longer  without  losing  any  of  their  palatable  or  nutritious  properties. 
This  form  of  bread  is  especially  adapted  for  migratory  bodies  of  men, 
such  as  hunters,  lumbermen,  and  soldiers.  Its  value  as  a  ration,  espe- 
cially of  soldiers  and  hunters,  is  vastly  increased  on  account  of  its  com- 
pactness. A  species  of  biscuit  commonly  known  as  hard-tack  was  one 
of  the  chief  forms  of  bread  used  by  the  soldiers  during  the  civil  war, 
and  its  high  nutritious  properties  are  well  known.  The  leavened  bread 
consumed  in  the  United  States,  unlike  that  in  most  other  countries,  is 
chiefly  baked  in  the  household.  The  American  people,  except  to  a  lim- 
ited extent  in  the  larger  cities,  are  in  the  habit  of  making  their  own 
bread.  As  a  result  of  this  there  is  little  uniformity  in  the  character 
and  composition  of  the  bread  consumed.  One  need  only  go  ironi  family 
to  family  in  different  parts  of  the  country  and  eat  the  bread  as  it  is 
prepared  for  daily  consumption  to  be  convinced  of  the  accuracy  of  this 
statement. 

The  leavened  breads  may  be  divided  into  certain  distinct  classes  in 
respect  of  the  leavening  agen  ts  employed.  Thus  we  have  class  1,  where 
yeast  is  used  as  a  leavening  agent;  class  2.  where  the  natural  ferments 
of  the  Hour  or  meal  are  em[)loyed,  as  in  the  manufacture  of  salt-rising 
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bread;  class  3,  where  the  leavening  is  secured  by  the  chemical  reactions 
taking  place  within  the  loaf;  and  class  4,  where  carbon  dioxid  is 
mechanicallyincorporated  in  the  dongh.  The  character  of  these  different 
leavening  agents  will  be  briefly  described  later  on. 

The  unleavened  bread  is  found  also  in  several  typical  forms.  The 
first  class  includes  the  biscuits  of  commerce  sometimes  called  crackers, 
intended  for  use  soon  after  baking;  second,  bis^-uits  intended  for  long 
storage,  such  as  the  hard-tack  above  mentioned;  third,  wafers  and  other 
delicate  forms  of  unleavened  bread  for  special  uses;  fourth,  the  unleav- 
ened loaves  which  are  made  most  frequently  from  Indian-corn  meal; 
and  fifth,  the  miscellaneous  collection  of  unleavened  loaves  or  cakes 
made  in  various  ways  and  for  different  i^urposes.  In  nearly  all  forms 
of  unleavened  bread  made  fro  n  wheat  flour,  the  dough  is  thoroughly 
beaten  in  order  to  make  it  lighter  in  color  and  more  crisp  and  hard 
after  baking.  In  the  unleavened  bread  made  from  Indian-corn  meal, 
various  forms  of  cooking  are  practiced.  Bread  may  be  baked  in  a  pan 
in  the  ordinary  way;  it  may  be  spread  upon  a  board  and  held  before  a 
hot  tire;  it  may  be  imbedded  in  hot  ashes  or  baked  in  an  oven  with  hot 
coals  underneath,  and  also  hot  ashes  and  coals  on  the  lid.  All  these 
different  forms  of  preparing  unleavened  bread  are  practiced  in  different 
parts  of  the  country.  For  religious  festivals  the  unleavened  bread  is 
prepared  in  a  special  manner,  and  is  used  only  for  a  special  purpose. 
The  full  details  of  these  special  methods  of  the  preparation  of  bread 
can  be  found  in  works  devoted  exclusively  to  bread  making. 

PROCESSES   OP   LEAVENING. 

The  principal  part  of  the  bread  consumed  by  man  is  leavened.  The 
leavening  i^rocess  consists  in  the  incorporation  with  the  dough  of 
some  material  or  organism  by  means  of  which  gases  can  be  developed. 
These  gases  become  entangled  in  the  dough  and  are  held  principally 
by  the  nitrogenous  constituents  thereof.  In  expanding,  either  through 
natural  pressure  or  under  the  influence  of  heat,  these  gases  produce 
a  porous  and  spongy  condition  of  the  dough,  which  on  baking  becomes 
fixed  in  the  bread.  The  leavening  processes  emx3loyed  in  bread  making 
may  belong  to  one  of  three  different  classes.  In  the  first  i3lace,  it  may 
be  due  to  the  activity  of  germs.  This  is  the  method  which  is  usually 
employed.  It  is  not  the  purpose  of  this  bulletin  to  go  into  a  minute 
description  of  the  action  of  yeast  in  the  leavening  of  bread.  In  gen- 
eral it  may  be  said  that  the  flour  is  mixed  with  water  or  milk  and  a 
sufficient  quantity  of  yeast  to  distribute  throughout  all  particles  of 
the  kneaded  dough  the  necessary  germs  for  the  production  of  the  fer- 
mentation. The  parts  of  the  meal  which  are  especially  attacked  by  the 
fermentative  germs  are  the  sugars.  Under  the  influence  of  a  conven- 
ient temperature,  say  about  blood  heat  or  more,  the  yeast  germs  rap- 
idly develop,  attack  the  sugar  and  decompose  it  into  carbon  dioxide 
and  alcohol.    A  lactic  fermentation  also  takes  place.    The  particles  of 
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carbon  dioxide  which  are  formed  become  entangled  in  the  dough,  and, 
expanding,  produce  a  considerable  degree  of  |)orosity,  which  in  common 
language  is  known  as  the  raising  of  the  dough.  The  final  action  of  the 
fermentation  is  found  in  the  production  of  acetic  or  lactic  acids,  so  that 
a  considerable  degree  of  acidity  occurs,  especially  if  the  raising  i)rocess 
be  continued  for  a  long  time. 

CHARACTER  OF  THE  YEAST  FERMENTATION. 

The  panary  fermentation  due  to  yeast  has  been  recently  subjected  to 
a  careful  investigation  by  Leon  Boutroux.^  The  two  principal  theories 
which  have  been  proposed  in  explanation  of  panary  fermentation  are 
the  theory  of  the  normal  alcoholic  fermentation  due  to  yeast  and  the 
theory  of  fermentation  due  to  bacteria. 

Panary  fermentation  consists  essentially  of  a  normal  alcoholic  fer- 
mentation of  the  sugar  preexisting  in  the  flour  to  which  may  perhaps  be 
added  the  sugar  formed  by  the  saccharification  of  a  trace  of  insoluble 
carbohydrate.  In  the  one  case  it  has  been  shown  that  yeast  is  the  essen- 
tial agent  of  fermentation  which  causes  the  dough  to  rise.  In  the  other 
case  it  is  probable  that  under  i^articular  conditions  otherwise  fixvorable 
to  the  rising  of  the  dough  it  may  happen  that  the  soluble  part  of  the 
flour  alone  is  strongly  modified  during  panary  fermentation,  the  gluten 
and  tbe  starch  being  aflected  but  very  slightly.  The  microbes  other 
than  those  of  the  yeast  which  are  found  in  the  leaven  or  in  the  dougb, 
can  only  be  useless  and  objectionable. 

Experiments  avith  Yeast. 

The  following  is  a  series  of  control  experiments  which  Boutroux 
made  to  determine  this: 

Three  small  flasks  were  charged,  first,  with  the  gluten  from  10  grams 
of  flour,  and,  second,  with  5  c.  c.  of  water  holding  in  solution  0.4  gram 
of  glucose.  This  is  approximately  the  composition  of  a  dough  from 
which  the  starch  has  been  separated.  The  gluten  was  raw  and  unster- 
ilized.  A  yeast  germ  A  was  introduced  into  one  of  these  flasks  in  a 
considerable  quantity.  In  the  second  flask  was  introduced  a  quantity 
of  a  germ  less  active,  and  which  is  called  B.  The  third  flask,  which 
served  as  a  check,  received  no  yeast.  The  three  flasks  were  placed 
in  an  oven  and  heated  to  32°.  At  the  end  of  six  and  one-half  hours 
the  flask  containing  the  germ  A  had  i)erceptibly  fermented,  while  the 
others  gave  no  sign  of  life.  The  following  day  there  was  a  liberation 
of  gas  from  the  three  flasks,  but  the  ai)pearanceof  that  containing  the 
gerni  A  was  ver}^  different  from  the  other  two.  The  gluten  in  this  had 
risen  in  vertical  colunnis,  which  were  separated  at  the  base  from  the 
flask.  In  the  other  two  flasks  there  was  no  solid  gluten  remaining.  In 
these  latter  the  gluten  formed  a  skin  sticking  to  the  surface.  Under 
the  microscope  the  first  showed  only  the  yeast  germ,  the  second  showed 

•  Ann.  de  cliim.  et  de  pliys.  (6),  25.  U5-201. 
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no  bacilli  and  very  little  yeast,  and  the  third  showed  only  the  bacilli  in 
abundance. 

After  three  days  the  flasks  were  opened.  The  odor  of  the  contents 
of  that  containing  the  yeast  germ  A  indicated  an  alcoholic  fermenta- 
tion. The  flask  containing  the  check  experiment  had  an  odor  of  butyric 
acid  and  taste  resembling  vinegar.  The  acidity  of  the  liquid  in  the 
flask  containing  the  yeast  germ  titrated  against  barium  hydrate,  using 
phenolphtalein  as  au  indicator,  was  equivalent  to  4.86  c.  c.  decinormal 
acid  per  10  c.  c.  of  liquid.     The  acidity  in  the  check  exi^eriment  was 

11.34  c.  c. 

Discussion  of  Data. 

We  see  from  this  experiment  that  the  yeast,  in  addition  to  causing 
the  dough  to  rise  by  the  liberation  of  gas,  also  prev^ented  the  dough 
from  souring  and  taking  on  a  butyric  odor.  A  yeast  germ  sufficiently 
active  and  added  in  sufficient  quantity  hinders  the  development  of  the 
bacilli.  These  latter  only  become  abundant  after  the  termination  ot 
the  alcoholic  fermentation.  It  is  for  this  reason  that  the  bakers  add 
yeast  to  renew  the  leaven. 

By  successive  cultures  the  predominance,  which  the  yeast  germ  has 
lost  in  the  old  leaven,  is  restored  and  acid  fermentation  is  prevented. 

The  following  experiment  contributes  still  more  to  the  evidence  in 
regard  to  the  respective  roles  of  the  various  micro-organisms.  From 
flour  and  saltwater  were  made  three  similar  doughs  with  the  exception 
that  to  the  first  was  added  the  yeast  germ  A;  to  the  second  a  little  of 
the  liquid  from  the  check  flask  of  the  preceding  experiment,  that  is,  the 
liquid  containing  bacteria  and  fermented  gluten;  and  to  the  third 
nothing  was  added.  These  three  doughs  were  placed  in  the  oven  at 
33°.  The  following  da3^  they  had  risen  in  the  proportions  shown  in  the 
table : 

The  (lougli  with  the  yeast  germ 3.1 

The  dough  containing  the  bacteria  from  the  gluten 1.2 

For  the  third  sample  (nothing  added) 1.  6 

A  thin  skin  separated  the  gluten  from  each  of  these  samples.  The 
dough  containing  the  yeast  germ  gave  an  almost  normal  gluten  both 
in  quality  and  quantity.  The  quantity  amounted  to  0.8  of  that  nor- 
mally present  in  the  flour.  The  dough  treated  with  bacteria  from  the 
gluten  did  not  yield  any  gluten  on  washing  with  water.  The  dough  to 
which  nothing  was  added  yielded  a  gluten,  which  was  very  sticky, 
amounting  to  about  one-third  of  the  normal  quantity. 

Conclusions  from  Experiments. 

One  may  see,  then,  the  following  results: 

1.  The  bacteria  which  dissolv^ed  the  gluten  in  the  preceding  experi- 
ment were  far  from  causing  the  bread  to  rise,  in  fact,  prevented  it  from 
doing  so,  as  shown  by  the  fact  that  the  sample  which  had  risen  least 
was  that  treated  with  bacteria. 
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2.  Tlie  yeast  germ  protect(<l  tbe  gluten,  on  the  contrary,  from  the 
iittacks  of  the  bacteria  whicli  it  contained,  as  is  evident  from  tbe  fact 
that  this  sample  contained  more  gluten  at  the  termination  of  the 
ex[)eriment  than  those  wliich  were  not  treated. 

These  two  experiments  show  that  bacteria  play  an  objectionable  role. 
The}^ alter  the  ^luten  and  acidulate  the  dough;  and  further  the  greater 
the  activity  of  tbe  yeast  germ  the  less  are  the  effects  due  to  tbe 
bacteria. 

It  has  been  shown  that  bread  acidulated  with  tartaric  acid — that  is, 
bread  where  the  gluten  is  dissolved — does  not  x)roduce  a  light  loaf, 
while  the  noutial  dough — that  is,  containing  no  added  acid — gains  in 
ligbtness.  Tbe  preservation  of  the  gluten  by  the  yeast  germ  is  hence 
an  important  matter.  In  a  dough  where  tbe  gluten  is  not  altered  dur- 
ing the  fermentation,  i^ockets  for  the  bubbles  of  gas  are  formed  which 
in  tbe  baking  become  almost  impermeable.  Thus  the  gas  is  retained 
and  each  bubble  in  dilating  augments  the  volume  of  the  cell  which 
contains  it,  while  if  tbe  gluten  loses  its  cohesion  the  gas  in  dilating 
passes  the  cell  walls  which  inclose  it  and  accumulates  in  large  caverns 
separated  from  cue  another.  As  will  be  seen  (page  1302j,  however,  it 
appears  from  tbe  investigations  of  others  that  certain  bacteria  are 
probably  active  in  making  bread  porous. 

SPO>'TA^EOUS   FERXE>'TAT10X. 

The  fermentation  of  the  dough  may  also  be  secured  by  the  enzymes 

naturally  i)resent  in  the  flour.     Tbis  process  of  bread  making  is  known 

as  the  salt-rising  method.     A  convenient  quantity  of  wheat  meal  and 

corn  meal  is  mixed  with  a  little  salt  and  hot  milk  and  set  in  a  warm 

place.     In  the  course  of  a  few  hours  fermentation  ensues  and  tbe  whole 

mass  becomes  porous.     In  tbis  condition  it  is  mixed  with  the  wheateu 

flour  to  form  a  dough,  which,  when  set  aside  in  a  warm  place,  undergoes 

a  fermentation  which  in  many  respects  is  similar  to  that  produced  by 

yeast. 

Method  for  making  Salt-Kising  Bread. 

The  most  active  natural  enzymes  of  wheat  are  found  near  the  outer 
branny  layers  of  the  grain,  and  are  consequently  chiefly  removed  dur- 
ing the  i)rocess  of  milling.  For  this  reason  it  is  somewhat  diflicult  to 
secure  a  prompt  and  satisfactory  fermentation  with  the  i)urest  wheat 
flours.  In  general,  the  following  method  of  procedure  will  be  found 
satisfactory. 

A  quarter  of  a  pint  of  fresh  whole  milk  is  slowly  heated  to  near  the 
boiling  point,  but  not  allowed  to  boil.  Tbis  process  will  sterilize  the  milk 
and  prevent  the  develojiment  of  a  too  rapid  lactic  fermentation  in  the 
subsequent  processes.  The  heated  milk  is  added  to  a  quantity  of  maize 
meal  sufiScient  to  make  with  the  milk  a  stitf  batter,  and  the  whole  is 
thoroughly"  mixed.  The  vessel  containing  the  batter  is  wrapped  with 
paper  and  then  with  a  heavy  flannel  cloth,  and  kept  m  a  warm  place 
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at  a  uniform  temperature  of  about  blood  lieat  for  several  hours,  until 
fermentation  is  fully  established  and  the  batter  assumes  a  definite  sour 
odor.  At  this  x>oint  a  teaspoonful  of  salt  is  stirred  into  a  pint  of  blood- 
warm  water,  and  iuto  this  a  sufficient  quantity  of  high  grade  wheat 
flour  is  stirred  to  make  a  moderately  stiff  batter.  Tbis  is  thoroughly 
mixed  with  the  sour  mass  obtained  by  the  ])revious  fe^^mentation  and 
the  mixture  exposed  for  from  three  fourths  to  one  hour  to  a  blood  heat 
as  before.  If  the  fermentation  has  been  well  conducted  the  mass  will 
now  be  in  a  sufficiently  active  state  to  secure  a  proper  porosity  of  the 
loaf.  The  salt-rising  thus  prepared  is  mixed  with  a  wheat-flour  dough 
made  with  warm  water  in  sufficient  quantities  to  make  from  four  to  six 
loaves,  the  whole  mass  well  kneaded,  molded  into  loaves,  and  put  aside 
at  a  temperature  of  blood  heat  until  the  fermentation  has  proceeded 
far  enough  to  make  the  loaf  light  and  spongy.  The  loaf  is  then  baked 
in  the  ordiuary  way. 

Salt-rising  loaves,  when  carefully  made,  are  extremely  palatable,  free 
of  objectionable  acidity,  and  grateful,  especially  to  the  taste  of  those 
accustomed  to  their  use.  In  the  beginning  of  the  baking  process  the 
alcohol  which  has  been  formed  is  volatilized,  and  in  the  gaseous  state 
adds  to  the  porosity  of  the  loaf  until  the  temperature  reaches  its  maxi- 
mum. The  fermeiitation  of  the  sugars  in  a  flour  or  meal  may  be  also 
secured  by  bacteria  as  well  as  by  yeasts.^ 

A  hacillus  levam  has  been  separated  from  fermenting  masses  of 
dough  and  secured  in  a  pure  state  by  successive  cultures.  It  belongs 
to  the  grouj)  of  the  hacillus  coU  communis  which  is  found  in  the 
alimentary  canal,  from  which  it  is  difficult  to  distinguish  it  in  form. 
This  bacillus  is  always  found  in  flours  and  meals  of  every  description, 
and  x>roduces  a  lively  evolution  of  gases,  viz,  carbon  dioxid,  hydro- 
gen, and  nitrogen.  It  also  is  capable  of  i^roducing  almost  as  great  a 
degree  of  acidity  as  is  found  in  the  ordinary  fermentations  with  yeast. 
The  presence  of  yeast  i^revents,  to  a  certain  extent,  the  development 
of  this  bacillus.  In  general,  it  may  be  said  that  theie  are  a  great 
many  enzymes,  bacilli,  yeasts,  and  molds  which  are  capable  of  working 
upon  the  fermentable  portions  of  a  dough  with  the  production  of  gas- 
eous products.  All  of  these  germs,  therefore,  may  be  used  in  the 
leavening  of  bread.  Properly,  however,  the  yeasts  are  the  chief  ones 
which  are  employed  for  this  purpose.  For  a  description  of  the  methods 
of  preparing  yeasts  and  their  use  in  producing  leavened  bread,  standard 
works  on  bread-making  may  be  consulted. 

AEEATION  BY  MEANS   OF   ALTIEADY-FORMBD    CARBON   DIOXID. 

In  some  quarters  there  exists  a  prejudice,  doubtless  without  founda- 
tion, against  the  use  of  bread  which  has  been  leavened  by  the  process 
of  fermentation.  There  is  no  evidence  whatever  of  a  convincing  nature 
which  goes  to  show  that  the  natural  or  induced  fermentations  which 

J  Chemiker  Zeitung,  1894,  vol.  18,  p.  27C;  vol.  19,  p.  775. 
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take  place  in  the  leavening  of  bread  result  in  the  production  of  any 
substance  whatever  iujurious  to  health.  On  the  contrary,  it  is  not  at 
all  improbable  that  the  effects  of  the  fermentation,  aside  from  the 
porosity  produced,  are  beneficial  rather  tlian  otlierwise  to  the  processes 
of  digestion  and  assimilation.  Moreover,  the  small  quantity  of  nutri- 
ents destroyed  during  fermentation,  probably  not  more  than  1  per  cent 
of  the  weight  of  the  flour,  is  of  little  consequence  from  an  economic 
standpoint. 

Nevertheless,  attempts  have  been  made  to  incorporate  carbon  dioxid 
into  the  dough  from  supplies  i)repared  beforehand,  and  thus  obvi- 
ate the  necessity  of  the  fermentation  i)rocess.  A  process  for  making 
bread  in  this  manner  was  patented  many  years  ago,  and  has  been 
used  in  the  original  or  modified  forms  to  a  limited  extent  for  the 
l^ast  forty  years.  This  method,  however,  has  never  come  into  general 
use,  although  when  properly  applied  the  bread  made  by  this  process  is 
light  and  i^orous,  and  the  loaves  themselves  are  absolutely  free  from 
any  acidity  or  other  condition  due  to  the  activity  of  the  fermentative 
germs.  The  principle  of  the  process  consists  in  introducing  into  the 
dough  carbon  dioxid,  previously  prepared,  and  most  conveniently  dis- 
solved in  cold  water.  Where  i^roper  apparatus  for  mixing  can  be 
secured,  the  incorporation  of  the  carbon  dioxid  may  be  made  under 
pressure  in  inclosed  vessels  in  which  the  water,  flour,  and  carbon 
dioxid  underpressure  are  introduced  and  mixed  by  mechanical  means. 
The  modern  appliances,  by  means  of  which  carbon  dioxid  can  be 
secured  in  the  liquid  state,  will  doubtless  greatly  increase  the  efficiency 
of  this  method  of  bread  making.  The  details  of  the  method  may  be 
found  in  works  especially  devoted  to  panitication,  and  a  description  is 
also  found  in  Part  Y  of  this  bulletin.  Tiie  process  has  been  chiefly  used 
in  England,  where  it  was  originally  invented,  and  as  far  as  I  know  has 
never  been  introduced  on  a  commercial  scale  in  this  country. 

CHE3IICAL   AERATING  AGENTS. 

In  the  third  place,  tlie  aeration  of  bread  may  be  secured  by  the  evo- 
lution of  carbon  dioxid  by  chemical  reactions  taking  place  within  the 
dough  itself.  This  method  of  aeration  is  secured  by  the  application  of 
some  of  the  leavening  mixtures  commonly  known  as  baking  powders, 
which  are  made  and  sold  in  such  large  quantities  in  this  country. 
From  a  sanitary  and  gustatory  standpoint  this  method  of  aeration  is 
probably  the  least  to  be  recommended  of  those  that  are  in  use.  It  has 
the  merit,  however,  of  quickness,  which  to  many  Americans  is  one  of 
prime  importance.  The  ability  to  secure  a  well-leavened  roll  from  the 
flour  in  the  course  of  a  few  minutes  is  often  regarded  as  of  more  impor- 
tance than  the  other  characteristics  of  bread.  Baking  powders  or 
leavening  mixtures  permit  the  cook  to  secure  this  result  in  a  compara- 
tively short  period  of  time.  Within  thirty  miuutes  of  the  time  the 
flour  leaves  the  barrel  the  finished  rolls  can  be  placed  upon  the  break- 
fast table.    The  almost  universal  source  of  the  carbon  dioxid  of  all 
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these  leavening  bodies  is  found  in  tiie  sodium  bicarbonate.  The  ease 
with  which  this  compound  gives  up  its  carbon  dioxid,  the  large  per- 
centage thereof  which  it  contains,  and  the  comparative  inuocuousness 
of  the  residue  give  to  it  its  high  value  for  this  purpose.  Many  chem- 
ical reagents  are  used  for  setting  free  the  carbon  dioxid  from  the 
bicarbonate  of  soda.  Among  the  simplest  of  these  may  be  mentioned 
the  lactic  acid  which  is  present  in  sour  miJk.  By  mixing  together 
sodium  bicarbonate,  sour  milk,  and  flour,  the  housewife  secures  a  cheap 
and  active  leavening  agent,  which  has  obtained,  especially  in  this 
country,  a  very  wide  use.  One  of  the  objections  to  the  direct  use  of 
the  sodium  bicarbonate  in  this  way  is  in  the  fact  that  any  undecom- 
posed  i)articles  of  this  alkaline  salt  tend  to  stain  the  flour  or  dough  a 
yellow  color,  and  to  give  to  it  an  unpleasant  taste.  Rolls  which  are 
made  in  this  way,  therefore,  when  done,  instead  of  being  of  a  pure 
white  or  cream  color,  as  desired,  often  show  yellow  spots,  which  render 
them  objectionable  from  an  aesthetic  point  of  view  and  also  give  to 
them  a  disagreeable  flavor.  It  is  not  possible  in  any  given  case  that 
the  housewife  can  judge  accurately  of  the  quantity  of  sour  milk 
required  to  decompose  a  given  portion  of  the  sodium  bicarbonate.  To 
remedy  this  fault,  leavening  agents  are  usually  prepared  according  to 
balanced  chemical  formulae  in  such  a  manner  as  to  give  a  complete 
reaction  during  the  process  of  panification,  whereby  the  total  available 
carbon  dioxid  is  secured  in  a  gaseous  form  and  residues  are  secured 
which  have  no  longer  sufficient  alkaline  properties  to  stain  the  bread 
or  give  it  an  unpleasant  taste. 

The  subject  of  baking  powders  has  been  exhaustively  treated  in 
Part  Y  of  this  bulletin.  This  publication,  however,  is  out  of  print. 
A  brief  statement  of  some  of  the  properties  of  these  aerating  agents 
may  prove  useful. 

Classification  of  Baking  Powders. 

Baking  powders  may  be  conveniently  classified  according  to  the 
nature  of  the  acid  constituent  they  contain.  Three  principal  kinds 
may  be  recognized  as  follows : 

(1)  Tartrate  powders,  in  which  the  acid  constituent  is  tartaric  acid 
in  some  form. 

(2)  Phosphate  powders,  in  which  the  acid  constituent  is  phosphoric 
acid. 

(3)  Alum  powders,  in  which  the  acid  constituent  is  furnished  by  the 
sulphuric  acid  contained  in  some  form  of  alum  salt. 

All  powders  sold  at  present  will  come  under  some  one  of  these  heads, 
although  there  are  many  powders  which  are  mixtures  of  at  least  two 
different  classes. 

TARTRATE   POWDERS. 

The  form  in  which  tartaric  acid  is  usually  furnished  in  this  class  is 
bitartrate  of  potassium,  or  ''cream  of  tartar."  Sometimes  free  tartaric 
acid  is  used,  but  not  often.    Bitartrate,  or  acid  tartrate  of  potassium, 
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is  made  from  crude  argol  obtained  from  grape  juice.  It  contains  1 
atom  of  replaceable  Lydrogen,  which  gives  it  the  acidity  that  ac*  s  upon 
the  carbonate.  The  reaction  takes  place  according  to  the  following 
equation : 


1S8 

84 

•_'10 

44 

18 

KHC4H4O, 

+ 

XaHCO,      -. 

=      KXaC4H40, 

+ 

CO2 

+ 

U2O 

Potassium 

Sodium 

Potassium-sofliuiii 

Carljou 

Water. 

bitartrate. 

Iiicarbonate. 

tartrate. 

•lioxid. 

It  will  be  seen  that  the  i)ro{lucts  of  the  reaction  are  carbonic  acid  or 
carbon  dioxid  and  double  tartrate  of  potassium  and  sodium,  the  latter 
constituting  the  residue  which  remains  in  the  bread.  This  salt  is  gen- 
erally known  as  Rochelle  salt,  and  is  the  compound  formed  when  the 
com])onent  parts  of  Seidlitz  powders  are  mixed  and  moistened.  A 
Seidlitz  powder  yields  210  grains  of  this  salt,  but  the  crystallize<l 
salt  contains  4  molecules  of  water,  and  thus  the  actual  amount  of 
crysta]lized  Kochelle  salt  formed  in  the  baking-powder  reaction  is 
greater  than  the  combined  weight  (if  the  two  salts  used.  That  is  to 
say,  if  188  grains  of  bitartrate  and  81:  grains  of  bicarbonate  are  used 
in  a  baking  there  will  be  a  residue  in  the  dough  equal  to  282  grains 
of  Kochelle  salt.  The  directions  that  accompany  these  powders  gener- 
ally give  two  teaspoonfuls  as  the  proper  amount  to  use  to  the  quart  of 
Hour;  probably  more  is  generally  used.  This  would  be  at  least  2()D 
grains:  deducting  20  per  cent  for  the  starch  filling,  we  have  IGO  grains 
of  the  mixed  bitartrate  and  bicarbonate,  and  this  would  form  105  grains 
of  crystallized  Kochelle  salt  in  the  loaf  of  bread  made  from  the  quart  of 
flour,  or  4~)  grains  less  than  is  contained  in  a  Seidlitz  powder.  The 
popnlar  idea  is  that  the  chemicals  used  in  a  baking  powder  mostly  dis- 
appear in  baking,  and  that  the  residue  left  is  very  slight.  Probably  not 
many  persons  understand  that  when  they  use  tartrate  powders,  which 
are  considered  to  be  the  Ix^st  class,  or  at  least  one  of  the  best  classes  of 
such  powders,  they  consume  in  a  loaf  of  bread  made  froic  it  three- 
fourths  of  the  equivalent  of  one  Seidlitz  powder. 

Yet  the  character  of  this  residue  is  probably  the  least  objectionable 
of  any  of  those  left  by  baking  powders.  Kochelle  salt  is  one  of  tlie  mild- 
est of  the  alkaline  salts.  The  dose  as  a  purgative  is  from  one-half  to  1 
ounce.  ••Given  in  small  and  repeated  doses  it  does  not  i)urge,  but  is 
absorbed  and  renders  the  urine  alkaline."-   (United  States  Dispensatory.) 

Free  tartaric  acid,  used  instead  of  the  potassium  bitartrate,  would 
give  less  residue.     In  this  case  the  reaction  would  be  as  follows: 
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Here  l.">0  grains  of  tartaric  acid,  with  lOS  grains  of  bicarbonate  of 
sodium,  give  230  grains  of  residue,  or  88  grains  less  than  tiie  combined 
weight  of  the  two  ingredients.    As  to  the  character  of  this  residue  little 
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lias  been  i)iiblislied  in  regard  to  the  i^liysiological  properties  of  sodium 
tartrate,  but  probably  it  is  essentially  similar  to  the  double  tartrate. 
The  United  States  Dispensatory  says  of  it  (p.  1762) : 

This  salt,  in  crystals,  has  been  recommended  as  an  agreeable  purgative,  almost 
without  taste,  and  acting  with  power  equal  to  that  of  the  sulphate  of  magnesium 
in  the  dose  of  10  drams  [600  grains]. 

It  is  not  clear  why  this  combination  should  be  used  so  seldom  by 
baking-powder  manufacturers.  The  free  tartaric  acid  is  more  expen- 
sive than  the  bitartrate,  but  less  of  it  is  required  in  proportion  to  the 
amount  of  bicarbonate  used.  The  former  is  more  soluble,  and  this 
would  probabl}^  be  a  practical  objection  to  its  use,  as  it  is  an  object  in 
baking  powders  that  the  gas  should  be  liberated  slowly.  It  would  per- 
haps be  more  difficult  also  to  prevent  action  of  the  free  acid  upon  the 
alkali,  so  that  the  powder  would  be  more  likely  to  deteriorate  in  keep- 
ing. Only  one  sample  among  those  examined  was  found  to  have  been 
made  with  the  free  acid. 

One  obstacle  formerly  encountered  in  the  manufacture  of  bitartrate 
powders  was  the  difficulty  of  obtaining  the  bitartrate  pure.  It  contained 
from  5  to  15  per  cent  of  calcium  tartrate,  incident  to  the  method  of 
manufacture.  This  brought  a  large  quantity  of  inert  material  into  the 
powder  and  lowered  its  efficiency.  Potassium  bitartrate  can  now  be 
had  99  per  cent  pure,  quoted  and  guaranteed  as  such  in  the  markets; 
so  that  there  is  no  excuse  for  manufacturers  to  use  the  impure  salt, 
which  can  x)roperly  be  considered  adulterated. 

PHOSPHATE    POWDERS. 

The  salt  commonly  used  to  furnish  the  phosphoric  acid  in  this  class 
is  acid  i^hosphate  of  lime,  sometimes  called  superphosphate.  The  pure 
salt  is  monocalcium  phosphate,  CaH4(P04)2.  It  is  made  by  the  action  of 
sulphuric  acid  upon  phosphate  rock,  the  result  being  an  impure  mono- 
calcium  phosphate  with  calcium  sulphate.  This  mixture  is  sold  as 
superphosphate  for  a  fertilizer.  The  salt  is  of  course  more  or  less  puri- 
iied  for  use  in  baking  i)owders,  but  the  calcium  suli^hate  is  very  difficult 
to  get  rid  of  entirely,  and  most  phosphate  i)owders  contain  considerable 
amounts  of  this  impurity.  The  reaction  which  occurs  when  a  phosphate 
powder  is  dissolved — that  is,  the  action  of  sodium  bicarbonate  upon 
monocalcium  i)hosphate — is  not  well  established,  and  perhaj^s  varies 
somewhat  with  conditions.  The  following  equation  i^robably  represents 
it  fairly  well : 

234  168  136  142  88  36 

€aH4(P04)2   +    2NaHC03  =  CaHP04  +  :N^a2HP04  +  200^  +  SH^O 

Monocalcium  Sodium  Monohydroccen  Bisodium  Carbon  Water, 

phosphate.  bicarbonate,     calcium  phosphate.         phosphate.  dioxid. 

Two  hundred  and  thirty-four  grains  of  monocalcium  phosphate  com- 
bined with  168  grains  of  sodium  bicarbonate  give  136  grains  of  mono- 
hydrogen  calcium  phosphate  and  142  grams  of  disodium  phosphate. 
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Bat  crystallized  sodium  phosphate  contains  12  molecules  of  water,  and 
and  has  a  molecular  weight  of  358.  So  the  total  amount  of  residue 
from  402  graius  of  the  powder  would  be  494  graius,  of  which  130graius 
is  calcium  phosphate  and  tbe  rest  sodium  phosphate.  So  we  see  that 
here  also  the  quantity  of  chemicals  introduced  into  the  dou.izh  is  fully 
equal  to  the  amount  of  the  baking  powder  used,  including  filling.  As 
to  the  nature  of  this  residue  in  pliosphate  i)owders,  it  would  seem  to 
be  about  as  unobjectionable  as  in  the  tartrates.  Sodium  phosphate  is 
■'•niiMly  purgative  in  doses  of  from  1  to  2  ounces*'  (480-9G0  grains), 
according  to  the  United  States  Dispensatory.  Calcium  phosphates 
have  the  general  physiological  effect  which  is  ascribed  to  all  forms  of 
phosphoric  acid,  but  which  does  not  seem  to  be  well  understood. 

Phosphates  are  administered  therapeutically  in  some  cases  of  defec- 
tive nutrition,  and  especially  in  scrofula,  rickets,  i)hthisis.  etc.  On 
account  of  their  being  an  essential  constituent  of  animal  tissues  there 
would  seem  to  be  some  ground  for  tbeir  preference  over  other  forms  of 
powders.  The  makers  of  phosphate  i)Owders  claim  that  the  use  of  such 
powders  restores  the  phosphoric  acid  i)resent  in  the  whole  grain  of 
wheat,  which  is  largeh'  removed  in  the  bran  by  milling  i)rocesses.  This 
claim  would  have  more  weight  if  there  were  not  ample  sources  of  phos- 
phoric acid  in  other  forms  of  food,  and  if  the  quantity  introduced  by  a 
baking  powder  were  not  much  greater  than  is  required  to  make  up  the 
loss  in  the  bran  and  greater  than  is  required  by  the  system,  unless  in 
those  cases  where  its  therapeutic  use  is  indicated,  as  in  some  of  the 
conditions  of  malnutrition  given  above. 

Acid  sodium  phosphate  is  said  to  have  been  used  in  former  years  as 
a  constituent  of  baking  powders,  but  appears  to  have  been  entirely' 
superseded  by  the  calcium  salt. 

ALUM    POWDERS. 

In  this  class  the  carbon  dioxid  is  set  free  from  the  bicarbonate  by  the 

substitution  of  sulpliuric  acid,  which  combines  with  the  sodium.  The 
sulphuric  acid  is  furnished  by  some  one  of  the  general  class  of  salts 
known  as  alums,  which  are  composed  of  a  double  sulphate  of  alumi- 
nium and  an  alkali  metal.  The  alum  is  precipitated  as  hydroxid,  while 
that  portion  of  the  sulphuric  acid  which  was  combined  with  it  goes  to 
displace  the  carbon  dioxid  in  the  bicarbonate.  The  alkali  sulphate  of 
the  double  salt  remains  unchanged. 

The  alum  of  commerce  is  either  potash  ahon,  K..A1,.(S04)4.  24H.(),  or 
iimmonia  alum,  (NB[4)_>AL(S04)4.24H20,  the  one  or  the  other  predomi- 
nating according  to  the  relative  cheapness  of  the  alkali  salt  it  con- 
tains. At  the  present  time  nothing  but  ammonia  alum  is  met  with,  but 
at  previous  periods  pf)tash  alum  was  the  salt  sold  exclusively  as 
"alum."  The  two  salts  are  alike  in  general  appearance  and  can  not  be 
distinguished  by  cursory  examination. 

Potash  alum  may  be  made  directly  from  some  minerals,  snch  as  the 
•*'alum  stone''  mined  in  Italy,  which  contain  all  the  constituents  com- 
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billed.  Ammouia  alum,  however,  as  well  as  most  potash  alum,  is  made 
bj^  the  combination  of  the  constituents  obtained  from  different  sources^ 
The  aluminum  sulphate  is  obtained  by  the  action  of  sulphuric  acid 
upon  criolite,  bauxite,  or  pure  clays,  and  the  ammonium  sulphate  from 
the  residue  of  gas  works.  Solutions  of  the  two  salts  in  pro])er  propor- 
tions are  mixed  and  the  double  salt  obtained  by  evaporation  and  crys- 
tallization. 

Crystallized  potash  or  ammonia  alum  contains  twenty-four  molecules 
of  water,  nearly  one-half  of  its  weight.  Part  of  this  water  is  lost  at 
as  low  a  heat  as  60^,  and  it  is  driven  off  entirely,  though  vslowly,  at 
100^.  "Burnt  alum"  is  simply  alum  deprived  of  its  water  of  crys- 
talhzation.  It  is  somewhat  hygroscopic,  but  dissolVes  more  slowly  in 
water  than  the  crystallized  salt. 

I  have  been  unable  to  ascertain  in  what  condition  the  alum  is  used  for 
compounding  baking  powders.  Burnt  alum  would  seem  to  be  the  form 
best  adapted  for  this  purx^oseon  account  of  its  slow  solubili  ty.  Professor 
Cornwall  says  this  is  the  form^  used,  but  does  not  tell  how  lie  obtained 
the  information;  and  he  states  further  that  '^crystallized  alums  may  be 
used  in  connection  with  burnt  alum  to  secure  atfirst  amoreraj^id  escape 
of  carbonic-acid  gas."  It  is  probable  that  the  amount  of  drying  given 
the  alum  used  differs  with  different  manufacturers,  but  it  is  not  likely 
that  the  water  of  crystallization  is  entirely  driven  off'. 
•  The  following  equation  sbows  the  reaction  taking  place  in  a  baking 
powder  made  with  burnt  ammonia  alum  : 

475  504  ^  157 

(XH4)2Al2(S04)4       +       eXallCOs       =        Al,(OH)6       + 

Aluminum  and  ammonium  Sodium  bicarbonate.  Aluminum  liydroxid. 

sulphate. 

426  132  264 

SXa^SO       +       (I^H4)2S04       +       6CO, 

Sodium  sulphate.  Ammonium  sul-  Carbon  dioxid. 

phate.  , 

If  potash  alum  were  used,  the  reaction  would  be  precisely  the  samo^ 
with  the  substitution  of  potassium  for  ammonium  wherever  it  occurs 
in.  the  equation,  iiotassium  sulphate  being  formed  instead  of  ammonium 
sulphate. 

A  study  of  the  equation  will  show  that  475  grains  of  burnt  alum  with 
504  grains  of  bicarbonate  will  produce  264  grains  of  carbon  dioxid  and 
leave  a  residue  consisting  of  426  grains  of  sodium  sulphate,  132  grains^ 
of  ammonium  sulphate,  and  157  grains  of  aluminum  liydroxid,  the 
last  named  being  a  precipitate  insoluble  in  water.  Sodium  sulphate 
crystallizes  with  ten  molecules  of  water,  so  that  the  total  weight  of  resi- 
due from  the  979  grains  of  mixed  chemicals  would  be  1,255  grains.  If 
a  hydrated  alum  is  used  in  the  powder,  the  proportion  of  residue  to 
powder  would  of  course  be  less,  ami  the  proportion  of  gas  evolved 
would  also  be  less.     The  character  of  the  residue  is  seen  to  be  more  com- 

1  Report  of  the  Dairy  Commissioner  of  New  Jersey,  1888,  p.  70, 
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plex  than  is  the  case  with  any  of  the  classes  previously  discussed  and 
deserves  special  attention.  The  sodium  sulphate  is  similar  to  other 
alkali  salts  in  its  physiological  action.  Ammonium  suli)hate  is  not 
used  therai)eutically.  but  i)robably  has  an  action  similar  to  that  of  other 
ammonia  salts,  such  as  the  chlorid.  Professor  Cornwall,'  in  his  rei)ort, 
speaks  as  follows  concerning  this  point: 

It  is  possible,  however,  that  too  little  attention  lias  l)een  paid  io  the  presence  of 
ammoninmsaltsiu  the  residues  from  ammonia  alum  powders.  -^  -  -  We  do  know, 
however,  that  amm<mia  salts,  in  general,  are  much  more  irritating  and  stijnulating 
in  their  action  than  the  corresponding  soda  salts,  or  even  than  the  i)otash  salts. 
For  instance,  Stille  and  Maisch,  speaking  of  ammonium  hromide,  state  that  it  has  a 
more  acrid  taste  and  is  more  irritating  than  potassium  hromide.  Its  unple:i8aut  taste 
and  irritating  equalities  render  it  less  convenient  for  administration  than  the  hromide 
of  potassium. 

We  all  know  how  mild  a  substance  is  chloride  of  sodium  (common  table  salt; :  but 
of  ammonium  chloride  8tillt5  and  Maisch  write:  '"The  direct  eti'ects  of  doses  of  5  to 
20  grains  of  this  salt,  repeated  at  intervals  of  several  hours,  are  a  sense  of  oppression, 
warmth,  and  uneasiness  in  the  stomach  and  some  fullness  in  the  head.  If  it  is  used 
for  many  days  together  in  full  doses,  it  disturbs  the  digestion,  coats  the  tongue,  and 
impairs  the  appetite. "'  We  have  already  seen  how  active  a  drug  carbonate  of  ammo- 
nia is,  and  while,  in  the  absence  of  proof,  it  would  be  rash  to  assert  that  sulphate  of 
ammonia  in  five-grain  doses  is  certainly  injurious,  yet  there  is  aljundant  ground  for 
further  investigating  its  eifect  before  asserting  that  it  is  milder  in  its  effects  than 
Rochelle  salt.  It  may  be  that  this  Cjuestion  of  the  presence  of  ammouiuui  salts  in 
any  considerable  quantities  in  the  residues  of  baking  powders  deserves  more  atten- 
tion than  it  has  hitherto  received. 

It  would  seem  from  the  above  that  there  would  be  considerable  differ- 
ence between  the  physiological  effects  of  potash  and  ammonia  alums 
themselves.  Yet  the  medical  authorities  make  no  such  distinction. 
Ammonia  alum  is  officinal  in  the  British  Pharmacoi:)C]eia,  and  while  the 
United  States  Pharmacopoeia  specifies  pota.sh  alum,  the  particular 
form  met  with  in  trade  is  entirely  determined  by  the  comparative  cheaj)- 
ness  of  manufacture. 

The  question  of  the  relative  harmfulness  of  these  different  salts  in  the 
residues  of  baking  i^owders  is  really  one  for  the  physiologist  or  hygienist 
to  decide,  not  the  chemist.  Physiological  experiments  alone  can  decide 
them  ])ositively. 

The  consideration  of  the  residue  of  aluminum  hydroxid  is  taken  up 
on  page  loll. 

POWDERS    COXTAINIXG    -MORE    THAN    ONE    ACID    INGREDIENT. 

As  might  be  expected,  some  ])owders  are  met  with  which  have  been 
made  up  with  various  i)roporti()ns  of  ditlerent  acid  ingredients,  and 
which  belong  therefore  to  more  than  one  of  the  above  mentioned  classes. 
Professor  Cornwall  speaks  as  follows  concerning  some  of  these  nn"xed 
powxlers: 

The  makers  of  alum  baking  powders  sometimes  a(hl  tartaric  acid  or  bitartrate  to 
their  ])owders,  either  witlior  without  the  addition  of  acid  ])hosphate  of  ].me.  This 
is  doubtless  done  with  the  best  intentions,  eitlier  to  secure  a  more  ra])id  escape  of 

'Op.cit.,  p.  77. 
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carbonic  acid  gas  at  the  outset  or  otlierwise  to  improve  the  powder.  We  have  found 
such  additions  in  the  case  of  several  of  our  samples,  but  the  presence  of  tartaric  acid 
or  tartrates  in  alum  powders  is  very  objectionable.  If  added  insufficient  quantity  to 
otherwise  pure  alum  powders,  they  prevent  the  precipitation  of  the  insoluble  hydrate 
of  aluminum  entirely  when  the  powder  is  boiled  with  water,  and  they  may  render 
much  of  the  alumina  soluble  in  water  even  after  the  bread  is  baked.  Without  doubt 
it  would  then  be  readily  soluble  in  the  digestive  organs,  producing  there  the  eifecta 
due  to  alum  or  any  other  soluble  aluminum  compound.  With  one  of  our  samples  we 
found  that  the  simple  water  solution  seemed  to  contain  as  much  alumina  as  a  nitric- 
acid  solution.  In  neither  of  these  solutions  could  any  of  the  alumina  be  thrown  down 
by  a  slight  excess  of  ammouia  Avater,  although  it  was  readily  precipitated  from  the 
solution  first  rendered  alkaline  Avith  caustic  soda,  then  slightly  acidified  with  acetie 
acid  and  boiled  with  excess  of  phosphate  of  soda. 

ALUM   AND   PHOSPHATE   POWDERS. 

A  case  iu  which  the  character  of  the  powder  appears  to  be  improved 
by  such  mixing,  however,  is  furnished  by  the  aktm  and  phospliate 
powders.  This  combination  seems  to  be  a  favorite  one  with  manufact- 
urers. In  fact  there  are  now  comi)aratively  few  '^straight''  alum 
powders  iu  the  market,  most  of  the  cheaper  grades  being  made  of 
mixtures  iu  various  x)roportions  of  the  ahim  with  acid  calcium  i)1jos- 
phate.     The  reaction  it  is  intended  to  obtain  is  probably  the  following: 

+ 


475                                              23i                                        336 

245 

(]S"H4)2  Al2(SO,)4    +    0aH4(PO4)2    +    4NaHC03    = 

2A1(P04) 

Ammonia  alum.                        Acid  calcium                       Sodium 
phospliate.                    bicarbonate. 

Aluminum 
phosphate. 

136                                 132                                   284                              176 

72 

CaS04    +    (:N-H4)2S04    +    2i^a2S04    +    4CO2 

+      4H2O 

Calcium                Aluminum  and                   Sodium                     Carbon 
sulphate.          ammonium  sulphate.            Sulphate.                   dioxid. 

ATater. 

If  this  equation  be  compared  with  the  one  representing  the  reaction 
in  a  powder  made  with  alum  alone,  on  page  1308,  it  will  be  seen  that  in 
the  former  the  aluminum  goes  into  the  residue  as  phosphate  instead  of 
hydroxid,  and  the  insoluble  calcium  sulphate  takes  the  place  of  one 
molecule  of  sodium  sulphate.  Otherwise  the  reactions  are  similar.  Tliis. 
reaction  will  only  take  place,  of  course,  when  the  different  ingredients 
are  mixed  in  just  the  proper  proportions  to  produce  it.  A  number  of 
variations  maybe  produced  by  changing  the  relative  i)roportions  of  the 
different  ingredients. 

Eesidues  of  Baking  Powders. 

The  question  of  the  harmfulness  of  the  residues  left  after  the  chem- 
ical decomposition  taking  place  during  the  process  of  baking  with 
chemical  leavening  agents  is  one  which  has  been  extensively  discussed. 
In  the  preceding  i^aragraphs  some  references  have  been  made  to  the 
quantity  and  nature  of  the  residue.  This  general  principle  may  be 
stated  as  broadly  covering  the  physiological  and  dietetic  aspects  of  the 
questiou.  Mineral  substances  are  esseutially  elements  in  the  nouiish- 
ment  of  animal  bodies.  In  natural  foods,  as  a  rule,  the  mineral  ele- 
ments are  so  distributed  as  to  supply  in  an  entirely  satisfactory  manner 
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the  requirements  for  tlie  iiutritiou  and  growth  of  the  body.  With 
water  and  in  all  kinds  of  solid  and  liquid  foods  more  or  less  of  those 
substances  essential  to  nutrition  are  ingested.  The  nature  of  the 
residues  from  leavening  agents  has  been  fully  set  forth  in  the  preceding 
paragraphs.  A  question  arises  if  the  increase  in  the  percentage  of 
mineral  matter  due  to  these  residues  is  sufficiently  great  to  derange  the 
functi»m  of  digestion.  This  is  a  question  on  which  there  is  room  for  a 
wide  difference  of  opinion.  It  seems  to  be  pretty  well  established  that 
slight  excesses  of  many  mineral  substances,  such  as  common  salt, 
potassium  tartrate,  potassium  and  sodium  phosphate,  etc.,  exert  no 
injurious  effects  upon  the  digestive  system. 

charactp:r  of  alum  residuk. 

The  residues  from  alum  baking  powders  are  open  to  a  more  serious 
objection  inasmuch  as  alum  itself,  while  not  strictly  poisonous  in  the 
ordinary  sense  of  that  term,  is  highly  injurious  when  ingested  in  any 
large  quantities.  If  the  temperature  of  baking  were  sufficient  to  ren- 
der the  residues  containing  alum  wholly  insoluble  so  that  they  would 
not  be  acted  upon  subsequently  by  the  gastric  and  intestinal  juices 
there  would  probably  be  no  valid  grounds  for  objecting  to  the  use  of 
alum  as  a  leavening  agent.  The  manufacturers  of  alum  baking  powder 
claim  that  the  aluminum  hydroxid  which  is  left  in  the  residue  i^iusolu- 
ble  in  the  digestive  juices  and  therefore  does  not  produce  the  effect 
which  is  attributed  to  the  soluble  forms  of  aluminum.  From  a  strictly 
chemical  point  of  view  this  position  is  not  tenable,  for  while  aluminum 
hydroxid  is  insoluble  in  water,  even  in  the  gelatinous  state  in  which  it 
is  first  precipitated,  it  is  readily  soluble  in  dilute  acids  until  it  has  been 
heated  to  a  high  temperature  and  lost  all  of  its  water  of  hydration. 
It  IS  clear  that  this  condition  is  never  reached  in  the  ordinary  bak- 
ing of  bread,  for  the  temperature  of  the  interior  of  the  loaf  rarely 
rises  above  that  of  boiling  water.  If  the  alumina  remain  as  a  phos- 
phate in  the  loaf  it  is  in  a  condition  which  is  more  soluble  than  in  the 
form  of  hydroxid.  In  many  cases  investigations  of  the  action  of  the 
digestive  juices  on  aluminum  hydroxids  and  phosphates  have  been 
undertaken  at  the  instigation  of  rival  baking  powder  companies,  and 
while  the  highcharacter  of  the  gentlemen  engaged  in  such  a  study  pre- 
cludes the  i^ossibility  of  any  misstatement  of  facts,  yet  tlie  commercial 
bias  of  such  an  investigation  does  much  to  render  it  partisan.  Chemical 
and  pliysiological  investigations,  which  have  for  tlieir  chief  object  the 
promotion  of  the  sale  of  one  compound  and  the  repression  of  the  sale 
of  another,  lose  at  the  outset  much  of  that  claim  upon  the  public  which 
such  investigations  made  from  a  purely  scien title  point  of  view  should 
have. 

COMPARATIVE    STATEMKNT   AS    TO    RESIDTES. 

In  respect  to  the  use  of  chemical  leavening  agents  in  general,  it  m;iy 
be  said  that  they  introduce  an  artificial  process  into  bread  making 
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wliich  is  likely  to  produce  results  not  entirely  favorable  to  Lealtli,  and, 
therefore,  on  general  i^rinciples,  this  manner  of  bread  making  should 
not  be  given  the  preference.  On  the  other  hand,  it  seems  perfectly 
certain  that  the  occasional  coiisumi)tion  of  the  small  quantities  of 
mineral  residues  left  in  loaves  made  by  the  leavening  agents  is  in  no 
Tvise  prejudicial  to  a  person  in  good  health.  The  relative  nocuousness 
of  the  residue  lelt  from  alum  and  mixed  baking  powders  is  perhaps 
stated  as  fairly  as  possible  in  this  bulletin.  Part  T,  page  574,  as 
follows: 

(1)  Tliat  form  of  alura  powder  hi  whicli  sufficient  phosphate  is  added  to  combiiK- 
with  all  the  aluminum  present  is  a  better  form,  and  less  apt  to  bring  alum  into  the 
system  than  where  alum  alone  is  used. 

(2)  'It  must  be  expected  that  small  quantities,  at  least,  of  alum  will  be  absorbed 
by  the  digestive  fluids  where  any  form  of  powder  containing  it  is  uaed. 

(3)  Whether  the  absorption  of  small  quantities  of  alum  into  the  human  system 
would  be  productive  of  serious  effects  is  still  an  open  question,  and  one  that  careful 
physiological  experiments  alone  can  decide. 

For  a  more  extended  discussion  of  the  residues,  especially  those 
containing  alum  in  baking-powder  breads,  Part  Y  of  this  bulletin, 
pages  562  and  575,  may  be  consulted. 


COMPOSITION   OF   BREAD. 

By  reason  of  the  many  different  methods  of  bread  making  practiced 
throughout  the  United  states,  it  is  difficult,  even  from  a  large  number 
of  analyses,  to  determine  what  is  the  comx)osition  of  the  typical  classes 
of  the  breads  used  in  the  United  States.  The  most  valuable  data  of 
this  kind  which  can  be  obtained  are  those  secured  by  actual  baking 
experiments,  in  which  the  character  of  the  wheat  and  flour  are  known, 
and  in  this  way  the  composition  of  bread  can  be  compared  directly 
with  that  of  the  flour  from  which  it  is  made.  One  of  the  mo-^t  impor- 
tant points  in  studying  the  composition  of  bread  is  in  determining  the 
percentage  of  moisture  which  the  normal  bread  contains.  It  is  the 
object  of  bakers  in  general  to  make  a  loaf  which  contains  a  maximum 
content  of  water  consistent  with  palatability  and  general  porosity  of 
the  loaf.  Extensive  experiments  in  the  study  of  the  composition  of 
bread  have  been  made  in  England,  and  a  full  account  of  baking  experi- 
ments made  in  London  in  1882  is  found  in  Bulletin  No.  4  of  this  divi- 
sion, i)age  59  and  following.  An  extensive  series  of  baking  experiments 
was  also  made  in  this  laboratory  under  carefully  controlled  conditions, 
and  the  data  obtained  in  these  experiments  are  highly  iinx^ortant  as  a 
basis  for  the  scientific  study  and  judgment  of  bread.  It  is  found  that  the 
percentage  of  moisture  which  could  be  secured  in  the  loaf  could  be  easily 
changed  by  varying  the  conditions  under  which  the  dough  is  prepared. 
The  baking  experiments  were  carried  on  under  the  direction  of  Mr. 
Clifford  Eichardson,  and  the  bread  was  made  by  an  expert  employed 
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for  the  purpose.  The  method  pursued  was  a  modification  of  the 
Vienna  i)rocess,  which,  as  is  well  known,  gives  bread  of  a  most  excel- 
lent quality.  The  dough  was  mixed  in  mass  with  pressed  3'east,  and  the 
fermentation  allowed  to  proceed  under  the  ordinary  conditions  provided 
for  the  iireliminary  process  until  the  outer  pellicle  began  to  crack.  In 
this  condition  the  dough  was  rekneaded,  put  into  pans,  and  set  in  a 
warm  place  until  it  had  risen  to  the  proper  point,  when  it  was  baked. 
The  baking  was  carried  on  in  a  large  gas  stove,  the  oven  of  which 
could  be  kept  at  a  very  constant  temperature.  All  the  materials 
employed  in  making  the  dough,  as  well  as  the  products  obtained,  were 
weighed  on  a  delicate  balance,  and  therefore  the  data  secured  can  be 
regarded  as  determining  in  a  very  certain  manner  the  changes  which 
take  place  during  the  process  of  baking. 

The  flours  from  which  the  breads  were  made  had  the  following  com- 
position : 

Composition  of  samples  of  flour. 


Xo. 


Xame  of  flour. 


Moisture.  Nitrosen.  ^-^^f  25* 


Gluten. 


Moist. 


Dry. 


I  ! 

Per  cent. 

1  Maryland  Patent  Flour 11.  55 

2  '  Maryland  Straiojht 11.  08 

8  Maryland  Low  Grade ^  12.78 

4  Di-strict  of  Columbia  Patent 12.  98 

5  District  of  Columbia  Straight 12.  38 

6  Straight  Virginia 12.16 

7  Low  Grade  Virginia 11. 77 

«[  Roller  Patent,  Virginia 12.10 

9  I  Ohio  Patent 12. 85 

10  Indiana  Patent 12.33 

1 

11  1  Illinois  Patent  Flour 12. 00 

12  Wisconsin  Straight ^ 12.37 

13  I  Roller  Patent,  Wisconsin 13.  25 

14  Best  Minnesota  Patent  Process 12.82 

15  Minnesota  Low  Grade 12.  05 

16  Minnesota  Bakers' |  11.  77 

17  I  Roller  Patent,  Missouri j  12. 04 

18  '  Xew  Process,  Oregon !  14. 03 
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The  quantity  and  kind  of  materials  used  in  making-  the  bread,  tem- 
perature of  baking,  weight  of  the  bread  when  cold  and  the  percentage 
of  the  weight  of  bread  compared  with  the  weight  of  flour  used  are 
given  in  the  following  table: 

Quantity  and  Jcind  of  materials  for  bread. 


No.  of 
sample. 


Weight 

of 

ja.our. 


1 
2 

o 

4 
5 
6 
7 
8 
9 
10 
12 
13 
14 
15, 
16 
17. 
19 
20, 
21 
22 
23, 
24 
25 
26, 
27 
29, 
30, 
31. 
32 
33, 
34 
35. 
36 
37, 
38 


Grains. 
2,032 
2,049 
2,014 
2,031 
2,  024 
2,024 
2,073 
2,056 
2,045 
2,030 
2,044 
2,025 
2,032 
5,  038 
2,034 
2,047 
2,110 
2,049 
2,068 
2,041 
2,043 
2,035 
2,031 
2,034 
2,040 
2,028 
2,024 
2,006 
2,029 
2,024 
2,031 
2,059 
2,042 
2,085 
2,087 


Weight 

of 

milk. 

AVeight 
water. 

Grams. 

Grams. 

5U0 

650 

500 

650 

500 

650 

500 

650 

500 

650 

500 

650 

500 

650 

500 

650 

500 

650 

500. 

650 

500 

650 

500 

650 

500 

650 

500 

650 

500 

650 

500 

650 

500 

650 

50O 

650 

500 

650 

500 

650 

500 

650 

500 

650 

500 

650 

500 

650 

500 

650 

500 

650 

500 

650 

500 

650 

500 

650 

500 

650 

500 

650 

500 

650 

500 

650 

500 

650 

500 

650 

Weight 

of 

salt. 


Weight 

of 
yeast. 


Grams. 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 


Grains. 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


Time  of 
baking. 


2fin. 


Temper- 
ature of 
oven. 


°C. 


228 


248 
243 
243 
236 
230 
245 
235 


248 
247 
248 
248 
230 


240 
230 


245 
249 
234 


234 
246 
238 
248 
242 
240 
240 


Bread. 


Weight, 
cold. 


Gram,s. 
2,729 
2,795 
2,754 

2,746 
2,740 
2,759 
2,754 
2,732 
2,757 
2,730 
2,792 
2,808 
2,785 
2,738 
2,733 
2,781 
2,840 
2,780 
2,  772 
2,791 
2,754 
2,  730 
2,728 
2,788 
2.745 
2,747 
2,  784 
2,807 
2,786 
2,742 
2,803 
2,738 
2,746 
2,689 
2,753 


Per  cent, 

cold,  on 

weight  of 

flour. 


134.  4 
136. 4 
136.7 

135.  2. 
135.4 

136.  3 

132.  9 
132.9 
134.8 
134.  5 
136.6 
138.  7 
137.1 
134.  3 
134.4 
135.9' 
134.6 
135.7 
134.  0' 
136.8 
134.  8. 
134.  2; 

134.  3 
137.1 
134.1 

135.  5. 

137.  6 
139. 9' 
137.3 
135.  5 

138.  0 

133.  0 

134.  5 
129.0 
132.  0' 


In  the  foregoing  table  the  samples  of  bread  were  made  from  the 
flours  contained  in  the  next  preceding  table,  as  follows: 

Breads  Xos.  1  and  2  were  made  from  flour  No.  1 ;  breads  Nos.  3  and  4 
from  flour  No.  2 ;  breads  Nos.  5  and  0  from  flour  No.  3 ;  breads  Nos.  7  and 
8  from  flour  No.  4;  breads  Nos.  9  and  10  from  flour  No.  5;  breads  Nos. 
12  and  13  from  flour  No.  6;  breads  Nos.  14  and  15  from  flour  No.  7j 
breads  Nos.  16  and  17  from  flour  No.  8;  bread  No.  19  from  flour  No.  9j 
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breads  Xo.s.  I'o  autl  I'l  tVoiu  liour  Xo.  10;  breads  Nos.  2i'  and  I'.j  from 
tloiir  Xo.  11:  breads  Xos.  I'l  and  25  trom  Hour  Xo.  12;  breads  Xos.  26 
and  27  from  tlour  No.  13 :  breads  Xos.  29  and  30  from  flour  So.  11;  breads 
Xos.  31  and  32  from  flour  Xo.  15;  breads  Xos.  3.]  and  31  from  flour 
So.  IG:  breads  Xos.  35  and  36  from  flour  So.  17,  and  breads  Son.  37  and 
38  from  flour  Xo.  18. 

TEMPERATURE  OF  BAKING. 

The  temperature  of  tbe  oven  in  wbicli  the  baking  experiments  were 
conducted  showed  an  average  of  about  210^.  The  question  is  often 
raised  regarding  the  temperature  of  the  interior  of  the  h)af.  It  is 
evident  that  a  body  containing  as  much  water  as  a  hjaf  of  bread,  often 
as  much  as  40  iier  cent,  could  not  be  subjected  for  a  very  long  time  to 
a  temperature  much  above  the  boiling  point  of  water  without  seriously 
altering  the  proportions  between  the  water  and  solid  bodies.  It  is 
quite  evident,  not  only  from  the  character  of  the  finished  loaf,  but  also 
from  careful  determinations  which  have  been  made,  that  the  tempera- 
ture of  the  interior  of  tbe  loaf  does  not,  as  a  rule,  exceed  that  of  boiling 
water,  and  is  probably  a  little  less.  The  high  nonconductive  properties 
of  the  dough  render  the  penetration  of  the  heat  into  the  interior  of  the 
loaf  somewhat  slow,  and  the  fact  that  the  interior  of  the  loaf  is  not 
darkened  shows  that  the  temperature  necessary  to  the  process  of  cara- 
melization  has  not  Vjeen  reached. 

In  experimental  determinations  of  the  temperature  in  the  interior  of 
the  loaf  of  bread  conducted  by  Mallet^  it  was  found  that  the  range  was 
from  107  -  to  212^  F.,  never  exceeding  the  latter.  In  a  series  of  determina- 
tions of  the  temperature  of  the  interior  of  a  loaf,  reported  in  the  Journal 
de  Pharmacie  et  de  Chimie,  series  5,  vol.  27,  page  16.  it  is  shown  that  the 
temperature  of  the  interior  of  a  loaf  as  it  leaves  the  oven  is  between  97^ 
and  100-.  It  is  never  more  than  100^,  even  after  the  baking  has  continued 
forty  minutes.  On  the  removal  of  the  loaf  from  the  oven,  on  ^iccount  ot 
the  high  nonconducting  power  of  the  crust,  the  temperature  falls  grad- 
ually, requiring  from  five  to  six  hours  for  a  loaf  weighing  two  j^uunds  to 
reach  the  tem^^erature  of  the  surrounding  air.  It  is,  therefore,  just  to 
conclude  from  the  above  data  that  a  loaf  of  bread  of  medium  size,  baked 
in  an  oven  where  the  temperature  is  about  210 -.  will  not  accjuire  in  forty 
minutes,  the  usual  maximum  time  for  b;iking,  a  temperature  above  the 
boiling  point  of  water  in  the  interior  of  the  loaf. 

THE  PERCENTAGE   OF  MOISTURE  IN  THE  LOAF. 

In  tlie  baking  experiments  made  in  this  division  it  was  found  that 
the  average  percentage  of  moisture  in  the  loaf  was  a  little  over  oO.  In 
a  large  number  of  samples  of  bread  examined  by  Voorhees-  at  the  Con- 
necticut Station  it  was  found  that  the  average  i)ercentage  of  moisture  in 


1  Chemical  News,  Nos.  1515  «nd  1516. 
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commercial  sami^les  of  bread  often  rises  above  40  \)gv  cent;  in  fact,  in 
one  instance  reported  by  Toorliees  the  percentage  of  moisture  was 
found  to  be  over  49  per  cent. 

Lawes  and  Gilbert  ^  have  found  that  bread  contains  from  33  to  44  per 
cent  of  moisture,  in  accordance  with  the  method  of  manufacture. 

RELATION    OF   FLOUK   TO    MOISTURE   IN   BREAD. 

It  is  doubtless  true,  as  indicated  before,  that  in  breads  made  for 
sale,  especially  where  the  sale  is  based  on  the  weight  of  the  loaf  and 
not  subjected  to  legal  restrictions,  the  natural  tendency  of  the  baker 
would  be  to  incorporate  as  much  water  as  possible  in  the  loaf.  It  is 
not  to  be  denied  that  loaves  containing  as  much  as  40  per  cent  of  mois- 
ture may  be  i^erfectl}^  palatable  and  porous  and  not  have  an  excessive 
dougiiy  constituence.  The  baker  regards  as  a  "  strong"  Hour  "the  one 
which  will  absorb  and  hold  the  most  moisture  in  baking,  and  not  the 
one  wliich  contains  the  greatest  amount  of  nutritive  materials.  Again, 
it  may  be  said  that  the  percentage  of  moisture  in  the  bread  is  often  not 
under  the  control  of  the  baker,  but  depends  largely  upon  the  nature  of 
the  Hour  employed.  It  is  not  possible,  therefore,  to  give  a  rigid  rule 
wliich  would  be  apiHicable  to  all  cases,  inasmuch  as  in  some  instances 
a  bread  might  be  sticky  and  doughy,  containing  only  35  i^er  cent  of 
moisture,  while  with  a  different  kind  of  flour  a  bread  would  be  perfectly 
palatable  and  of  a  proper  consistence,  containing  over  40  per  cent. 

RELATION    OF   MOISTURE    TO    SIZE    AND    SHAPE    OF   LOAF. 

If  the  interior  of  the  loaf  be  sej^arated  from  the  crust  and  examined, 
it  will  be  found  to  contain  a  larger  quantity  of  moisture.  The  interior  of 
the  bread  will  contain  from  35  to  50  per  cent  of  moisture  and  the  crust 
from  IG  to  25  per  cent,  according  to  the  temperature  to  which  it  has 
been  subjected  in  baking.  In  respect  to  nutritive  value,  therefore, 
a  given  weight  of  the  crust  represents  more  nutrition  than  the  same 
weight  of  the  crumb.  There  is,  however,  no  definite  relation  existing 
between  the  quantity  of  moisture  in  the  crust  and  crumb.  It  depends 
altogether  u])on  the  temperature  and  duration  of  baking  and  has  little 
to  do  with  the  shape  and  size  of  the  loaf  or  the  character  of  the  flour 
fiom  which  it  is  made.  It  is  evident,  however,  that  the  total  quantity 
of  moisture  in  a  loaf  of  bread  depends  somewhat  upon  its  size  and  shape. 
Theoretically  it  is  demonstrable  that  a  perfectly  spherical  loaf  of  bread 
under  similar  conditions  will  contain  more  moisture  than  one  of  the  same 
weight  and  of  any  other  shape.  It  is  also  demonstrable  that  the  flattest 
and  thinnest  loaves  under  conditions  otherwise  similar  will  contain  the 
least  quantity  of  moisture.  This  is  illustrated  by  comparing  the  differ- 
ent percentages  of  moisture  in  thin  biscuits  prepared  for  the  use  of  army 
rations  and  the  ordinary  soft  loaves  of  the  bakers. 

1  Composition  of  Wheat-grain,  its  Products  in  the  Mill,  and  Bread,  page  57. 
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SUMMARY    OF    OBSERVATIONS   REGARDING  MOISTURE. 

lu  the  breads  purchased  in  the  open  market  and  examined  in  this 
division  in  connection  with  this  research,  it  will  l)eseen,  by  referring  to 
the  table  of  analyses  given  on  page  13i?3,  that  the  ])ercentage  of  mois- 
ture varies  from  a  minimum  of  :J9.69  in  Xo.  14401  to  a  maximum  of  40.39 
per  cent  in  Xo.  14356.  In  the  average  composition  of  the  different 
classes  the  minimum  is  found  in  class  4,  viz,  32.99  per  cent,  and  the 
maxinium  in  class  1,  37.53  per  cent.  This  is  another  illustration  of  the 
fact  that  the  tlour  used  in  making  the  high-grade  loaves  known  as 
Vienna  rolls  is  a  particularly  strong  Hour,  capable  of  absorbing  and 
holding  a  large  proportion  of  water. 

Summarizing  onr  knowledge  of  the  subject  of  moisture  in  bread,  it 
may  be  said  that  the  ordinary  yeast  breads  of  commerce  contain  from 
30  to  40  per  cent  of  moisture,  and  the  average  loaf  35  per  cent:  that  the 
quantity  of  moisture  in  a  loaf  depends  upon  many  conditions,  one  of  the 
most  imi)ortant  of  which  is  the  nature  of  the  liour.  In  bakers*  parlance, 
a  ''Strong"'  Hour  is  one  which  has  the  capacity  of  absorbing  and  holding 
during  tlie  process  of  baking  a  maximum  quantity  of  water.  Tiie  per- 
centage of  moisture  also  depends  u^^on  the  size  and  shai)e  of  the  loaf, 
on  the  duration  of  the  baking,  and  the  temperature  of  the  oven.  The 
relative  proi>ortions  of  moisture  in  the  crust  and  crumb  vary  with  the 
conditions  of  baking,  and  are  practically  independent  of  the  usual 
size  and  shape  of  the  loaf  and  of  the  character  of  the  tlour.  but  the 
relative  quantities  of  crust  and  crumb  vary  chiefly  with  the  time  and 
temx)erature  of  baking  and  the  size  and  shape  of  the  loaf. 

LOSS  DURING  FERMENTATION. 

The  loss  of  solid  matter  during  the  fermentation  and  baking  of  the 
bread  is  due  to  the  conversion  of  part  of  the  solid  matter  into  volatile 
substances  and  their  evaporation  during  the  process  of  baking.  The 
only  substances  which  are  changed  in  any  appreciable  degree  by  this 
process  are  the  sugars  which  the  flour  may  contain.  It  is  evident, 
therefore,  that  the  loss  in  no  case  can  be  greater  than  is  due  to  the  fer- 
mentation of  the  sugars.  It  is  not  probable  that  any  large  quantity  of 
sugar  will  be  formed  from  the  starch  during  the  fermentation  process. 
The  quantity  of  fermentable  sugar  in  a  wheat  flour  is  not  usually 
greater  than  one-half  of  1  per  cent,  rising  in  some  instances  to  1  per 
cent.  The  statements  which  are  made  by  some  authorities,  therefore, 
that  there  may  be  a  loss  of  from  3  to  G  per  cent  during  fermentation, 
are  evidently  exaggerated.  Jago  jdaces  the  loss  of  the  solid  nmtter 
during  fermentation  at  about  2.^  per  cent;  but  this  seems  to  be  also  an 
extravagant  estimate.  Lawes  and  Gilbert  are  inclined  to  the  opinion 
that  the  loss  of  solid  matter  during  panary  fermentation  is  less  than  1 
and  probably  less  than  one-half  of  1  per  cent,  and  tliis  is  doubt- 
less very  nearly  correct.  It  must  be  admitted,  nnu'eover.  that  not  all 
of  the  sugar  which  is  present  in   a   flour  is  decomposed  during  the 
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process  of  feruieiitation,  unless  the  period  of  raising  tlie  bread  be  pro- 
lonji^ed  beyond  usual  limits.  In  addition  to  this,  it  must  be  consid- 
ered that  it  is  difficult  in  the  process  of  baking  to  expel  all  the  prod- 
ucts of  the  fermentation.  A  portion  of  the  carbon  dioxid  and  of  the 
alcohol  will  undoubtedly  remain  entangled  in  the  meshes  of  the  loaf. 
Even,  therefore,  allowing  for  the  fact  that  a  portion  of  the  starch  may 
be  converted  into  sugar  and  undergo  a  partial  fermentation,  it  is  not 
to  be  expected  that  the  total  loss  in  weight  in  dry  matter  in  the  loaf 
itself  will  be  greater  than  the  amount  of  sugar  originally  present  in  the 
flour.  Of  course,  it  is  understood  if  the  loaf  be  ground  and  dried  for 
the  purpose  of  a  chemical  determination  of  loss  that  the  whole  of  the 
alcohol  and  carbon  dioxid  will  be  driven  off,  but  in  the  loaf  as  it 
comes  from  the  oven  or  as  it  is  brought  upon  the  table  such  a  comi)lete 
evaporation  of  the  volatile  products  of  fermentation  is  not  found. 

CHEMICAL  CHANGES  PRODUCED  IN  THE  LOAF  DURING  BAKING. 

In  addition  to  the  many  changes  mentioned  above  as  due  to  fermen- 
tation, certain  changes  in  the  constitution  of  the  materials  of  flour  are 
produced  by  the  combined  action  of  heat  and  water.  These  changes, 
of  course,  are  produced  in  the  maximum  degree  in  the  crust  of  the 
bread,  whereas  the  temperature  of  boiling  water  in  the  interior  of  the 
bread  acts  less  vigorously  in  its  effects  upon  the  chemical  constituents 
of  the  flour.  In  respect  to  the  proteid  matters,  it  is  certain  that  all  of 
the*  proteids  of  the  material  will  be  rendered  insoluble  by  the  temx)era- 
ture  to  which  they  are  subjected.  The  proteid  matters  in  the  crust  of 
the  bread  certainly  undergo  additional  changes  by  reason  of  the  high 
temperature  to  which  they  are  subjected,  the  nature  of  which  is  not 
definitely  known.  The  same  is  true  of  the  fats  or  oils,  which  are  oxi- 
dized to  a  certain  extent  by  the  action  of  the  oxygen  of  the  atmosphere 
at  the  high  temperature  to  which  the  crust  is  subjected.  It  is  probable, 
therefore,  that  a  splitting  up  to  some  degree  of  the  molecules  of  the 
glycerides  comi^osing  the  fat  and  oil  takes  place,  especially  in  the  crust 
of  the  loaf.  In  the  interior  of  the  loaf  the  carbohydrates  probably 
undergo  little  change  except  a  degradation  of  the  starcli  grains  and  a 
slight  tendency  of  the  starch  to  be  converted  into  dextrin.  In  the 
crust,  however,  in  addition  to  those  changes,  there  is  a  decided  carameli- 
zation  of  the  starchy  particles,  as  is  evidenced  by  the  browning  of  the 
loaf.  The  effects  of  these  changes  in  respect  of  nutritive  properties 
can  not  be  discussed  in  this  place,  but  are  more  particularly  the  subjects 
of  investigation  where  the  digestive  values  of  the  different  bodies  are 
to  be  determined. 

CLASSIFICATION  OF  THE  BREADS  OF  COMMERCE. 

In  attempting  to  classify  breads  bought  in  the  open  market  the 
same  difficulty  is  encountered  that  was  met  in  the  classification  of 
commercial  flours.    The  only  guide  which  is  of  any  value  in  these 
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cases  is  the  appearance  of  the  loaf  and  tlie  description  or  name  as 
fiiruisLed  by  the  dealer  or  baker.  When  it  is  remembered  that  names 
-are  used  somewliat  indiscriminately  in  the  description  of  commercial 
-articles,  it  is  easilj^  seen  that  a  classiticatiou  based  upon  such  informa- 
tion is  not  rigidly  scientific.  Nevertheless,  for  purposes  of  comi)arison 
it  may  be  used,  and  guided  by  such  data  the  In^eads  which  were  bought 
in  the  open  market  have  been  divided  into  the  six  classes  which  fol- 
low, viz:  Class  1,  Vienna;  class  2,  homemade  breads:  class  3,  (rraham 
breads;  class  1.  rye  breads;  class  5,  Quaker  breads:  class  0,  miscella- 
neous breads. 

It  is  evident  at  a  glance  from  the  above  description  that  at  least  two 
of  these  classes,  viz,  homemade  and  Quaker,  have  no  definite  rank, 
and  might  with  propriet}^  be  included  in  the  miscellaneous  class, 
reducing  the  number  of  classes  from  six  to  four.  Inasmuch,  however, 
as  quite  a  number  of  samples  were  found  on  the  open  market  sold 
under  these  names,  it  was  deemed  advisable  to  place  them  in  a  sepa- 
rate classification. 

In  the  class  '* miscellaneous  breads"  are  grouped  all  those  varieties 
of  bread  purchased  in  the  open  market  not  included  in  the  other  five 
classes.  It  is  evident  that  this  class  represents  very  well  the  ordinary 
miscellaneous  breads  sold  by  bakers  and  grocers,  corresponding  to  the 
group  of  miscellaneous  Hours  discussed  under  that  subject.  It  may 
be  remarked  as  a  matter  of  surprise  that  no  Indian-corn  breads  are 
found  in  the  above  list.  This  arises  from  the  fact  that  the  Indian-corn 
breads  consumed  in  the  United  States  are,  in  so  far  as  I  know,  wholly 
produced  in  the  home,  and  are  not  sold  as  breads  by  bakers  and  gro- 
cers. Although  the  use  of  Indian-corn  breads  is  so  general  in  the 
United  States,  I  doubt  if  any  purchaser  could  go  into  any  bakery  or 
grocery  store,  at  least  in  the  more  populous  Northern  cities,  and  be 
able  to  purchase  a  loaf  of  Indian-corn  bread.  Inasmuch  as  it  was  not 
possible  for  the  investigation  to  extend  into  the  breads  of  domestic 
production,  no  samples  of  maize  bread  were  purchased  for  examina- 
tion. 

DESCRIPTION    OF   SAMPLES   ANALVZED. 

The  following  table  contains  the  name  of  each  of  the  samples  as 
given  by  the  dealer,  the  name  of  the  dealer,  the  name  of  the  manufac- 
turer, the  price  per  loaf,  and  the  weight  of  the  loaf  in  grams.  To  eon- 
vert  the  weight  in  grams  into  pounds,  divide  by  -lol.  The  data  show 
that  the  loaves  weigh  approximately  one  pound  each.  Only  in  three 
instances,  viz,  Xos.  1I.'38I,  16020,  and  16022  did  a  loaf  weigh  as  much 
as  an  ounce  less  than  a  pound,  while  in  many  instances  the  excess  was 
greater  than  an  ounce.    All  were  made  in  Washington. 
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Description  of  breads  houyht  in  the  open  marlet. 


Serial 
No. 


14353 
14354 
14356 
14383 


14384 
14385 


14396 
14397 
14398 
14399 
14400 
14401 
14402 
14403 

15229 

15230 
15231 
15232 
15984 

15985 
15fl86 
15987 

15988 
15980 

15990 
15991 
15992 


15993 
15994 
16019 

16020 
16021 

16022 
16023 

16024 
16025 

1602G 


Name. 


Vienna 


Where  bought. 


N.   W.  Burchell,    1325   F 

street  NW. 
do 


Homemade 

Graham ; do 

Quaker do 

Old-time '  A.  A.  Winfield,  215   Thir- 
teen aud-a-half      street 
SW. 
...do 


Baker. 


I  Price      ^resh 
-^^'<^*'-     weight. 


Eve 


Ilavenner ' do 


Blue  Ribbon  Bread 


.do 


Vienna i  W.  Berens  <fc  Sous,  622 

street  NW. 

Eye do 

Eaisin do 

Graham do 

Homemade do 

Quaker do 

Cream do 

Biscuit  Loaf : do 

Chicago  Split  Loaf,  ! do 

Steam  Bread. 
Butter August  Meier,  C  and  Four- 
teenth streets  SW. 

Eye do 

Quaker do '. . . 

Biscuit do 

Eye Geoige     Klenk,    2122    L 

street  N"W. 

Graham do 

Vienna do 

do Patrick  Stanton,  2315  L 

street  NAV, 

Eye do 

do A.  Detterer,  2012  H  street 

NW. 

G  raham \ do 

Vienna do 

G.  S.  KrafT\  &  Sons,  Eight- 
eenth and  Pennsylva- 
nia avenue  iSTW. 

do 

do 

Vienna i  C.  Schneider,  413  I  street 

XW. 

Graham do 

do C.Schwab,  1211  H   street 

i      NW. 
Vienna do 


Graham 
Eye 


C.  Schneider,  413  I  street 
NW. 

do 

do 

do 

Gross  Bros.,  411  Six-and- 
a-half  street  SW. 


August  Meier.  C  and  Four- 
teenth streets  SW. 
.do 

do 

do 

George    Xlenk,    2122     L 
street  NW. 

do 

do 

Patrick    Stanton,  2315  L 
street  XW. 

do 

A.  Detterer,  2012  H  street 
NW. 


-do 


.do 


Graham 
do.. 


Vienna 


A.  Gassmann,  Eighth  and 

M  streets  NW. 

do 

G.   H.    Schulze,    1751     I 

street  NW. 
....do. 


G.  S.  Krafit  &  Sons,  Eight- 
eentli  and  Pennsylva- 
nia avenue  NW. 

do 

do 

C.  Schneider.  413  I  street 
NW. 

do 

C.Schwab,  1211  H  street 
NW. 

do 

A.  Gassmann,  Eighth  and 
M  streets  NW. 

do 

G.  W.  Schulze,  1751  I 
street  NW. 

do 


Cents.  Grams. 

5  452 

5  454.3 

5  I  449.1 

5  451.9 

4  451 


do 

Havenner     Baking     Co.,  ' 
472-476  C  street  NW. 

Leary     &   Schneider,  119  | 
First  street  Sn  .  | 

W.  Berens  <t  Sons,  622  E 
street  NW. 
.do 


425 
462 


469 


5 

466 

5 

469 

5 

442 

5 

498 

5 

496 

5 

516 

5 

480 

5 

484 

4  515 

4  I  466 

4  '  478 
8  916 

5  516 
5  400 
5  457 


408 
511 

457 
433 

428 


458 
453 
479 


418 
440 


439 
447 
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ANALYTICAL   DATA. 

In  the  following'  tables  are  given  the  data  obtained  from  the  analyses 
of  the  samples  of  bread  i)urchased  in  the  open  market.  On  the  receipt 
of  the  loaves  of  bread  they  were  chopped  into  fine  pieces  and' weighed 
withont  delay,  placed  in  an  oven  and  dried  in  bulk  until  the  quantity 
of  water  was  reduced  to  a  small  amount.  The  weight  of  the  residue 
having  been  obtained,  the  total  loss  of  the  moistnre  was  noted.  In  this 
condition  the  breads  were  ground  to  a  fine  powder  and  thereafter  sub- 
jected to  the  usual  analytical  determinations.  It  is  evident  that  there 
will  be  reckoned  as  moisture  by  this  process  all  the  substances  volatile 
at  the  temperature  at  which  the  drying  took  place.  Inasmuch  as  the 
quantity  of  alcohol,  carbon  dioxid,  and  oils  lost  in  the  drying  process 
is  extremely  minute,  the  figures  given  may  be  taken  as  re])resenting 
essentially  the  moisture  present.  The  data  are  given  first  upon  the 
sample  as  purchased,  and  afterwards  calculated  to  dry  substance. 

Kther  Extract. 

In  regard  to  ether  extract,  it  may  be  said  that  the  material  which  is 
separated  from  the  residue  by  ether  represents  not  only  the  fat  and  oil 
of  the  original  flour,  but  also  any  fatty  substance  which  may  have  been 
added  during  the  process  of  baking.  While  it  is  not  always  customary 
to  add  fat  to  the  dough,  yet  it  is  almost  the  nniversal  custom  to  grease 
the  pan  or  the  surface  of  the  loaf  before  baking,  in  order  that  the  baked 
loaf  may  not  stick  to  the  pan.  If  milk  be  used  in  making  bread,  as  is 
often  the  case,  it  is  evident  also  that  a  portion  of  fat  will  be  introduced 
with  the  milk.  Attention  will  be  called  further  on  to  the  difficulty 
which  is  experienced  in  extracting  all  the  fatty  matter  from  bread.  An 
inspection  of  the  data,  however,  will  show  that  there  are  great  differ- 
ences in  the  quantity  of  fat  in  different  classes  of  breads,  it  being  the 
least  in  the  Vienna  breads,  and  greatest  in  the  so-called  homemade 
breads.  In  the  miscellaneous  breads  will  be  noted  very  wide  varia- 
tions in  the  quantity  of  fat,  showing  in  some  instances  the  addition  of 
a  large  quantity  of  fat  to  the  loaf  before  baking. 

Fiber. 

In  regard  to  fiber,  it  is  evident  that  the  quantity  found  in  the  bread 
will  be  practically  the  same  as  that  found  in  the  flour.  It  is  not  sur- 
prising, therefore,  to  see  the  fiber  in  the  case  of  the  Graham  breads 
larger  than  that  of  any  other  class,  inasmuch  as  the  Ciraham  breads 
are  presumably  made  of  wheat  flour  from  which  the  bran  is  only  imper- 
fectly removed. 

The  proteids  of  bread  have  been  calculated  by  both  the  old  and  the 
new  factors  for  obvious  reasons.  Inasmuch  as  nearly  all  previously 
recorded  analyses  of  wheat  flour  and  its  products  have  had  the  ]>ro- 
teids  computed  on  the  basis  of  nitrogen  multiplied  by  G.25,  it  is  advis- 
able to  use  this  same  factor  for  the  sake  of  direct  comparison.  In  the 
17498— Xo.  13 11 
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light  of  receut  investigations,  however,  the  product  ]S"  x  5.70  is  more 
nearly  correct  for  the  proteid  matter.  In  the  table  of  carbohydrates, 
■which  are  calculated  by  difference,  the  fiber  is  excluded,  and  the 
number  for  carbohydrates  therefore  represents  the  total  carbohydrate 
bodies  less  the  fiber  given  in  the  preceding  column.  The  calculation 
has  been  made  on  the  supposition  that  the  proteids  are  represented 
by  X  X  5.70,  and  are  therefore  about  1  per  cent  higher  than  would 
be  obtained  by  calculation  on  the  supposition  that  the  proteids  are 
represented  by  ^  x  6,25. 

The  ash  not  only  represents  the  mineral  matter  present  in  the  flour, 
but  also  any  salt  or  other  mineral  condiment  or  adulterant  added  in  the 
making  of  the  loaf. 
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DISCUSSION   OF   ANALYTICAL  DATA. 

In  the  discussion  of  the  analytical  data  of  different  classes  of  bread 
it  would  be  advisable  to  compare  them  as  far  as  possible  with  the  dif- 
ferent classes  of  flour.  As  has  been  intimated,  however,  such  a  com- 
parison is  not  rigidly  possible  unless  the  bread  be  made  from  standard 
flour,  samples  of  which  can  be  analyzed  in  comparison  with  the  bread 
itself.  This  is  evidently  impossible  in  the  samples  which  are  purchased 
in  the  open  market.  For  this  reason  an  attempt  will  be  made  only  in  a 
general  way  to  compare  the  composition  of  the  bread  with  that  of  the 
flour. 

COMPARISON   OF   BREAD   WITH  FLOUR. 
YiENNA  Bread,  Class  1,  Compared  with  High-Grade  Patent  Flours,  Class  1, 

Calculating  the  average  data  of  the  high-grade  patent,  flours  to  dry 
substance  for  uniformity  with  the  calculations  for  bread,  the  following 
results  are  presented : 

Table  1. — Comparison  of  composition  ofbread  and  flour. 


CoBstitiieiits. 


Flour. 


Bread. 


Proteids  (X  X  6.25) 

Proteids  (N  X  5.70) 

Ether  extract 

Ash 

Crude  fiber 

Carbohydrates  (N  X  6.25),  including  liber 
Carbohydrates  (S  X  5.70),  including  fiber 


Per  cent. 

Per  cent. 

11.95 

14.51 

10.89 

13.2a 

1.18 

1.7a 

0.50 

1.95 

0.22 

0.9T 

86.36 

81.82 

87.41 

83.10 

The  most  marked  variation  which  is  seen  here  is  found  in  the  quan- 
tity of  ether  extract,  which  is  considerably  less  than  would  be  expected 
from  the  flour.  The  fiber  in  tlie  bread  is  correspondingly  larger  than 
in  the  flour,  the  baking  apparently  rendering  some  of  the  carbohydrates- 
insoluble  in  the  ordinary  reagents.  This  is  probably  due  particularly 
to  the  partial  caramelization  which  takes  place  in  the  crust.  Asli,  as 
would  naturally  be  expected,  is  very  much  higher  than  in  the  flour,  due 
to  the  added  salt.  The  proteids  are  practically  identical  with  those  in 
the  flour,  and  the  carbohydrates  in  the  bread  are  diminished  by  the 
fermentation  of  the  sugar  in  proportion  as  the  amount  of  ash  has  been 
increased.  In  the  high-grade  bread,  therefore,  we  find  practically  no 
change  from  the  flour  in  respect  of  the  amount  of  proteids,  but  an 
increase  in  the  amount  of  ash  'corresponding  to  the  added  salt  and  a 
diniinution  in  the  carbohydrates,  corresponding  to  the  added  salt  and 
the  loss  of  sugar  by  fermentation. 

Breads  of  Classes  2,  4,  and  5. 

It  will  not  be  possible  in  these  classes  to  compare  them  with  any  of 
the  classes  of  flours  given  in  the  previous  tables.    The  general  remarks. 
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made  in  respect  of  the  composition  of  breads  of  class  1  are  applicable 
also  to  these  three  classes. 

Breads  of  Class  3. 

There  are  no  flours  with  which  the  breads  of  class  3  can  be  directly 
compared,  inasmuch  as  no  Graham  flours  were  bought  for  analysis. 
The  chief  difference  to  be  expected  in  this  class  of  breads  would  be  in 
the  increase  in  fiber,  due  to  the  leaving  of  a  portion  of  the  bran  in  the 
flour.  In  round  numbers,  the  quantity  of  fiber  in  the  Graham  bread  is 
about  double  that  of  ordinary  breads.  In  computing  the  amount  of 
salt  which  is  present  in  the  Graham  bread  the  same  factor  was  used  as 
ATitli  the  others,  viz,  0.50  per  cent,  representing  the  percentage  of  ash 
in  the  flour.  It  is  entirely  probable  that  this  is  too  small  a  factor  for 
the  Graham  bread  in  which  the  ash  of  the  flour  would  be  presumably 
larger,  so  that  the  number  given  for  the  amount  of  salt  added  in  thi» 
instance  is  probably  too  high. 

Breads  of  Class  6. 

The  miscellaneous  breads  of  class  6  may  be  properly  compared  with 
the  miscellaneous  flours  contained  in  Table  4  of  the  flour  analyses. 

On  calculating  the  average  data  of  class  4,  miscellaneous  wheat 
flours,  to  dry  substance,  the  following  numbers  are  obtained: 

Table  2. — Comparison  of  composition  of  tread  and  Hour. 
Constituents. 


Proteids  (X  X  6.25) 

Proteids  (X  X  5.70) 

Ether  extract 

Ash 

Crude  fiber 

Carbohydrates  (N  x  6.25),  including  fiber 

Carbohydrates  (X  X  5.70),  including  fiber 

In  comparing  the  numbers  of  class  G  with  these  data  it  will  be  noted 
in  the  first  place  that  the  ether  extract  of  the  breads  is  almost  double  that 
of  the  flours,  showing  that  a  considerable  quantity  of  grease  has  been 
used  in  the  baking.  The  fiber  is  also  about  double  that  of  the  flours, 
indicating,  as  in  the  case  of  the  high-grade  breads,  that  a  considerable 
degree  of  change  in  baking,  rendering  a  portion  of  the  carbohydrate 
bodies  insoluble,  has  taken  i^lace.  The  ash  of  the  miscellaneous  breads 
shows  the  addition  of  an  average  of  about  1  per  cent  of  salt  in  the 
preparation  of  the  loaf  for  baking.  The  carbohydrates  show  a  loss 
proportional  to  the  increase  in  the  amount  of  ash  and  fat,  and  a 
decrease  due  to  the  fermentation  of  the  sugar.  Comparison  of  the 
percentage  of  carbohydrates  in  the  baked  breads  in  all  instances  with 


Bread. 

Flour. 

Per  cent. 

Per  cent. 

11.80 

11.62 

10.75 

10.59 

1.22 

2.21 

0.56 

1.53 

0.24 

0.46 

86.43 

84.63 

87.47 

85.66 
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those  present  in  the  flour  show  that  the  loss  on  fermentation  amounts 
to  scarcely  1  per  cent  of  the  total  carbohydrate  matter.  It  is  evident, 
therefore,  that  the  statements  to  which  attention  has  been  previously 
called,  to  the  effect  that  the  loss  on  fermentation  varies  from  2  to  6  per 
cent,  are  entirely  too  extravagant. 

A  TYPICAL   AMERICAN   HIGH-GRADE   BREAD. 

A  typical  American  high-grade  yeast  bread  made  with  the  best  flour 
and  in  the  most  approved  manner  has  approximately  the  following  com- 
position : 


Moisture 

Proteids  (N  x  5.70). 
Ether  extract 


Per  cent. 
..  35.00 
. .  8.  00 
..       .75 


Per  cent. 

Ash 1.50 

Fiber 30 

Carbohydrates,  other  than  fiber. . .   54.  45 


Of  the  ash  mentioned  0.50  per  cent  may  be  ascribed  to  the  natural 
mineral  ingredients  of  the  flour,  and  1  per  cent  to  added  salt.  The  chief 
variations  from  the  typical  composition  are  found  in  the  moisture  and 
ether  extract.  The  moisture  may  rise  to  40  per  cent  in  breads  made  of 
the  strongest  floar,  or  sink  to  30  i)er  cent  or  less  when  inferior  flours  are 
employed.  The  quantity  of  ether  extract  depends  chiefly  on  the  amount 
of  fat  which  is  added  to  the  bread  during  baking,  or  which  is  used  to 
grease  the  exterior  of  the  loaf  or  interior  of  the  pan  to  prevent  stick- 
ing during  baking.  When  no  fat  is  added  the  quantity  of  ether  extract 
in  the  bread  will  be  found  uniformly  less  than  that  in  the  flour  from 
which  it  is  made,  due  to  the  fact  that  in  the  process  of  baking  a  portion 
of  the  fat  is  rendered  difficultly  soluble,  either  by  reason  of  oxidation 
or  by  being  mechanically  surrounded  by  films  of  insoluble  matter, 
probably  incrustations  of  dextrin  or  proteid  matter. 

RYE   BREAD. 

In  samples  of  rye  bread  examined  in  Norway  the  moisture  varied 
from  35.3  to  46.1  per  cent  and  the  ash  from  0.3  to  1.82  per  cent.  The 
means  for  a  large  number  of  analyses  of  rye  bread  are : 


Quality  of  bread. 

Moisture. 

Proteids. 

Ether 
extract. 

Ash. 

Crude 
fiber. 

Carbo- 
hydrates, 

Per  cent. 
40.00 
38.30 

Percent. 
6.40 
7.81 

Per  cent. 

0.25 

.55 

Per  cent. 
0.60 
.95 

Per  cent. 

0.38 

.93 

Per  cent. 

52.37 

51.46 

An  addition  of  mineral  substances  could  not  be  found  in  either  the 
bread  or  in  the  flour.  During  the  winter,  1891-92,  however,  on  account 
of  the  high  price  of  rye,  the  flour  was  adulterated  with  wheat  flour. 
The  presence  of  small  quantities  of  wheat  flour  are  detected  under  the 
microscope  by  means  of  the  hairs  and  the  transverse  cells.  Wittmach 
has  shown  that  the  walls  of  the  transverse  cells  of  wheat  are  very  much 
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thicker  than  in  rye.  It  is  necessary,  however,  to  take  cognizance  of 
the  fact  that  rye  sometimes  contains  a  small  amount  of  wheat.  In  Hun- 
garian rye  there  was  found  as  much  as  3  per  ceut.^ 

DETERMINATION    OF    FAT    IN    BREAD. 

Analysts  have  long  observed  the  difficulty  which  is  encountered  in 
extracting  the  fat  from  bread.  It  has  been  observed  repeatedly  that 
the  quantity  of  material  extracted  by  anhydrous  ether  from  bread  is 
considerably  less  than  that  contained  in  the  materials  of  which  the 
bread  is  made.  It  has  also  been  observed  in  adding  weighed  quanti- 
ties of  fat  to  the  dough  that  less  than  the  quantity  added  was  secured 
by  extraction  in  the  bread.  In  general,  it  has  been  assumed  that  the 
process  of  baking  oxidized  the  fat  in  such  a  way  as  to  render  it  to  some 
extent  insoluble  in  anhydrous  ether.  The  exact  nature  of  this  process 
has  not  been  exx)lained.  It  is  evident  that  the  particles  of  fat  con- 
tained in  the  crust  of  the  bread  would  be  subjected  to  a  sufficiently 
high  temperature  to  oxidize  them  and  to  dispel  all  the  volatile  acids. 
It  is  thought,  therefore,  that  the  chief  loss  which  the  fat  suffers  must 
be  in  the  crust.  The  temperature  of  the  interior  of  the  loaf,  as  has 
been  shown  before,  is  not  sufficient  to  affect  materially  the  composition 
of  the  fat.  It  has  been  claimed  by  other  authors  that  the  process  of 
baking  incrusts  the  fat  globules  with  insoluble  material,  such  as  dex- 
trin and  proteids,  and  renders  it  impracticable  to  reach  the  fat  particles 
by  the  solvent  on  subsequent  extraction.  In  point  of  fact,  it  is  probable 
that  the  deficiency  of  fat,  as  shown  by  the  extraction  of  the  bread 
with  anhydrous  ether,  is  due  partly  to  each  of  the  causes  assigned. 
There  is  doubtless  an  oxidation  of  the  fat,  especially  in  the  exterior 
l^arts  of  the  loaf,  and  a  loss  of  volatile  constituents.  It  is  probably 
also  true  that  particles  of  fat  become  entangled  in  the  insoluble  parti- 
cles of  the  loaf  itself,  and  thus  are  protected  from  the  action  of  the 
solvents  subsequently  applied. 

niPERFECTION    OF   ^lETHOD   FOR   EXTRACTINO  FAT. 

Instead  of  extracting  the  ground  dried  bread  directly  with  anhydrous 
ether,  it  has  been  i)roposed  by  WeibulP  i)reviously  to  treat  the  bread 
with  reagents  which  will  dissolve  the  supposed  incrusting  matters. 
For  this  purpose  from  1  to  3  grams  of  the  powdered  bread  are  placed 
in  a  small  beaker  with  from  15  to  30  c.  c.  of  water,  which  has  been 
acidified  with  10  drops  of  sulphuric  acid.  The  mass  is  then  boiled  for 
at  least  an  hour,  stirring  frequently.  It  is'then  slowly-  and  completely 
neutralized  with  powdered  chalk  or  marble  and  spread  on  fat-free  paper, 
which  is  suspended  by  wires  in  a  drying  oven.  The  very  last  portions 
may  be  removed  from  the  beaker  with  fat-free  cotton.     Alter  drying  at 

'  Ztschr.  Nalir.-Unters.,  Hyg.  u.  Waareuk.,  vol.  S,  134. 
^Zeitschnit  fiir  augewaDdte  Cbemie,  1892,  vol.  15,  p.  450. 
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100°  for  two  or  tliree  hours  the  paper  is  completely  dry,  and  can  then 
be  extracted  in  a  Soxlilet  apparatus  in  the  usual  manner,  the  extraction 
being  complete  in  eight  hours. 

The  boiling  with  dilute  sulphuric  acid  dissolv  es  the  starch  and  dex- 
trin and  frees  the  fat,  which  collects  in  large  drops  and  is  afterwards 
easily  extracted.  Anhydrous  ether  must  be  used,  as  other  ether  will 
dissolve  small  quantities  of  dextrose  and  a  constant  weight  can  not  be 
obtained.  The  gluten  in  the  bread  also  tenaciously  incloses  the  fat 
and  yields  it  to  the  action  of  the  acid. 

This  process  of  fat  extraction  from  bread  has  been  thoroughly  tried 
in  this  Department  and  found  to  be  imperfect.  Only  a  slightly  greater 
quantity  of  fat  was  secured  by  the  treatment  proposed  than  by  the 
direct  extraction  of  the  finely  powdered  dry  bread  with  anhydrous 
ether.  At  the  present  time  there  is  no  method  of  extraction  known 
which  will  secnre  from  the  bread  as  large  a  quantity  of -^at  bodies  as  is 
contained  in  the  material  composing  it.  The  presence  of  unextracted 
fat  in  a  bread  is  not  only  to  be  considered  from  the  point  of  view  of  its 
compositiou,  but  also  must  be  taken  into  consideration  in  calculating 
the  heat  of  combustion,  Any  nonextracted  fat  will  evidently  be 
classed  by  dili'erence  with  the  nonnitrog&nous  matters,  having  a  com- 
bustion value  much  less  than  that  of  the  fat  itself.  The  natural  result 
of  this  would  be  that  in  calculating  tlie  calorimetric  equivalent  of  bread 
a  small  portion  of  the  fat  might  be  reckoned  as  carbohydrates,  and 
thus  the  calculated  value  of  the  sample  would  be  less  than  that  actually 
obtained  by  combustion  in  oxygen. 

FAT    USED    IN    GREASING   PANS. 

The  bakers  employ  the  term  ''bread  oil"  to  designate  an  oil  used  to 
grease  bake  pans.  For  this  purpose  it  is  customary  to  use  oleomarga- 
rine, lard,  or  olive  oil,  or  sometimes  olive  oil  or  poppy  oil  of  the  first 
pressing.  A  dealer  in  Saxony,  however,  has  been  selling  an  oil  under 
the  name  of  "patent  bread  oil,"  which  he  stated  to  be  American  palm 
oil.  Upon  analysis  it  proved  to  be  a  mineral  oil,  such  as  is  commonly 
used  as  a  lubricant.^  In  three  cases  a  large  number  of  persons  were 
made  severely  ill  by  the  consumption  of  baker's  goods  prepared  with 
this  oil,  which  is  wholly  undigestible.  The  use  of  the  oil  was  prohib- 
ited by  an  ordinance  of  the  city  government  of  Dresden  on  October 
10,  1893. 

USB   OF   ALUM   IN   BREAD. 

Alum  is  sometimes  added  to  flour  in  the  preparation  of  bread  for 
the  purpose  of  making  a  whiter  loaf.  According  to  the  statement  in 
the  Millers'  Journal  (vol.  12,  page  32),  the  whitening  action  of  the  alum 
is  due  to  its  action  on  cerealine  and  an  organized  ferment  contained 

^Pharm.  Centralhalle  (n.  F.),  vol.  14,  p.  405;  abs.  in  Cliem.  Centralblatt,  1894,  vol.  1, 
p.  94. 
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chiefly  in  tlie  bran  of  the  wheat.  This  ferment  when  in  action  j^roduces 
lactic  acid,  and  it  is  due  to  its  activity  that  the  dark  coloration  which 
the  ahini  is  added  to  correct  arises. 

Alum  in  bread  is  usually  detected  by  a  tincture  of  logwood,  which 
is  formed  by  digesting-  5  grams  of  partially  chipped  logwood  in  100 
c.  c.  of  alcohol.  In  the  application  of  the  test  to  flour  10  grams  are 
intimately  rubbed  up  with  10  c.  c.  of  water  and  treated  with  1  c.  c.  of 
the  tincture  of  logwood  and  the  same  quantity  of  a  saturated  solution 
of  ammonium  carbonate.  After  thorough  mixing,  if  alum  be  X)resent 
the  color  soon  changes  to  lavender  or  blue.  The  blue  color  should  be 
persistent  when  the  sample  is  heated  to  the  temperature  of  boiling 
water  for  an  hour.  When  no  alum  is  present  in  the  flour  the  resulting 
tint  is  only  a  slight  pink.  The  activity  of  logwood  in  tliis  respect 
probably  resides  in  the  hi^ematoxalyn  which  it  contains.  Hiematoxa- 
lyn  itself,  it  is  claimed  b}^  some  authors,  may  be  substituted  for  the 
logwood  in  the  test  for  alum.  When  applied  to  bread  i  t  is  recommended 
that  5  c.  c.  of  the  tincture  of  logwood  be  mixed  with  an  equal  quan- 
tity of  the  saturated  ammonium  carbonate  and  80  c.  c.  of  water.  The 
whole  of  this  mixture  should  be  poured  over  10  grams  of  the  bread  in 
a  fine  powder.  After  standing  for  five  minutes  the  excess  of  liquid 
is  poured  ofi^'.  After  washing  the  residuum  slightly  with  water  it  is 
placed  in  an  oven  and  heated  to  the  temperature  of  boiling  water.  K 
alum  be  present  a  lavender  or  dark-blue  color  is  produced,  which  is 
intensified  on  drying.  Bread  which  contains  no  alum  first  attains  a 
light  red  tint  which  fades  into  a  buff  or  light  brown.  Bread  which  is 
sour,  soggy,  old,  or  acid  in  its  character  may  give  a  logwood  test  by  the 
above  process  when  no  logwood  is  present.  This  coloration  is  x)robably 
due  to  the  phosphate  of  alumina,  which  is  slightly  soluble  in  dilute 
acetic  acid.  The  logwood  test  for  bread,  therefore,  can  not  be  consid- 
ered reliable  unless  it  is  applied  to  the  fresh  loaf  or  one  in  which  no 
acidit}^  has  been  developed. 

THE  ACIDITY  OF  BREAD. 

The  acidity  of  bread  is  very  important  both  with  regard  to  hygiene 
and  ijalatability.  Flour  contains  i^jobably  no  acids  in  a  free  state,  and 
the  acidity  of  bread  is  caused  during  its  preparation  by  the  ferments 
present.  An  examination  of  bread  made  by  the  usual  methods  of  fer- 
mentation discloses  acetic  acid,  acid  i)otassium  phosphate,  an  acid  sol- 
uble in  water  and  ether,  probably  lactic  acid,  and  an  acid  insoluble  in 
ether.  Quantitatively  the  acids  are  present  in  the  proportion  of  20 
parts  volatile  acids,  5  parts  nonvolatile  acids  soluble  in  ether  and  water, 
and  4  parts  of  an  acid  soluble  in  ether  but  not  in  water.  The  free 
organic  acids  amount  to  from  40  to  00  per  cent  of  the  total  acidity.  It 
has  been  shown  that  bread  has  a  greater  nutritive  value  whiMi  used  in 
connection  with  meat,  and  that  in  this  case  sour  bread  is  better  than 
neutral.     In  order  to  discover  if  the  aciditv  of  the  bread  has  anv  influ- 
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ence  on  the  poisonous  effect  of  some  foreign  vegetable  substances  which 
are  sometimes  found  in  bread,  Lehmann^  mixed  sour  dough  with  cockle 
seed  and  it  was  found  that  a  highly  acid  bread  neutralized  the  poison. 

ADULTERATIONS . 

Of  815  flours  examined  in  the  Food-Control  Station  at  Vienna,  107, 
nearly  14  per  cent,  contained  bran,  cowpeas,  cockle  seed,  lolium  temu- 
lenUim  (darnel),  and  traces  of  tiletki  caries. 

Twenty-six  sami^les  of  ginger  cakes  were  colored  with  eosin,  safranin, 
and  fuchsin.  In  one  case  the  yellow  color  contained  distinct  traces  of 
lead. 

Various  pastry  was  colored  red  with  eosin,  violet  with  anilin  violet; 
a  yellow  color  contained  lead  chromate.  A  sample  of  pastry  containing 
beateri  white  of  egg  contained  alum,  which  was  undoubtedly  added  to 
permit  the  use  of  spoiled  eggs. 

One  sample  of  flour  and  the  noodles  prepared  from  it  had  bluish- 
green  spots,  due  to  an  aniline  color.  An  apple  dumpling  and  the  cor- 
responding flour  contained  large  quantities  of  zinc  oxide.  Two  samples 
of  Graham  bread  were  spoiled  by  mold. 

From  September  1,  1892,  to  August  31,  1893,  ten  breads  and  bread- 
stuffs  were  examined,  of  which  two  were  confiscated.  One  was  a  cheap 
bread  made  from  a  poor  quality  of  rye  and  wheat  flours  together  with 
foreign  seeds.     The  other  was  moldy. 

Cakes  were  found  to  be  colored  with  aniline  dyes,  and  several  i)oison- 
ous  ones  were  found  to  be  colored  with  such  as  Martins  yellow,  fuchsin, 
and  lead  chromate. 

Forty-six  flours  were  examined,  of  which  ten  were  declared  unfit  for 
use  or  adulterated.  A  number  contained  foreign  seed,  others  were 
moldy,  and  one  rye  flour  had  been  made  from  germinated  grains.  A 
cheap  flour  contained  16.5  ash,  mostly  sand;  an  American  flour  was 
maize  flour  with  5.32  per  cent  ash,  of  which  0.41  per  cent  was  alum  and 
the  rest  magnesia,  probably  derived  from  magnesium  carbonate.  One 
sample  of  flour  contained  1.77  per  cent  zinc  white. 

ANALYSES  OF  RUSSIAN  "HUNGER"  BREAD.  ^ 

During  the  Eussian  famine  of  18^-92  several  bread  substitutes  were 
used.    Five  of  these  were  analyzed,  namely: 

1.  Bread  made  from  the  chaff  of  rye  and  oats  with  buckwheat,  and 
a  red  grass  the  scientific  name  of  which  is  not  known. 

2.  Bread  from  the  seed  of  Chenopodium. 

3.  Bread  from  rye  flour,  Chenoiwdium  seeds,  and  potatoes. 

4.  Bread  from  rye  flour,  Chenopodium  seeds,  and  red  grass. 

5.  Bread  consisting  of  75  x^er  cent  Chenopodium  seeds,  12.5  per  cent 
potatoes,  and  12.5  per  cent  rye  flour. 

1  Ztschr.  Nahr.-Unters.,  Hyg.  u.  Waarenk.,  Vol.  VII,  No.  12,  p.  199. 

2  0p.  cit.,No.lO;p.  168. 
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Xo. 

Proteids. 

Ether 
extract. 

Starch,  dex- 
trin, and 
sugar. 

Crude  fiber. 

Ash.     1 

Percent. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

1 

10.25 

0.94 

36.55 

32. 05 

20.21 

2 

11.30 

3.89 

42.  95 

25.72 

16.14 

'1 

15.35 

2.27 

58.  31 

16.64 

7.61 

'        ^i 

13.75 

1.10 

45.  5<.) 

26.  31 

13.25 

5 

15.30 

2.18 

40.  89 

27.34 

8.09 

1        61 

12.75 

1.12 

78.  f  6 

2.71 

2.  03 

'  The  common  bread  baked  by  the  Russian  peasants. 
CHARACTER    OF    SUBSTITUTES   FOR   FLOUR    IX   BREAD. 

The  nineteenth  century  records  the  greatest  number  of  famines^ 
namely,  47  in  the  Eussian  Empire  and  43  in  other  i)arts  of  Europe. 
These  famines  are,  however,  no  longer  so  terrible  in  character  as  in  the 
preceding  centuries,  when  the  people  satisfied  their  hunger  with  the 
meat  of  dogs  and  cats  and  even  of  their  fellow  beings.  Bread  substi- 
tutes have  been  introduced  probably  on  account  of  the  old  theory  that 
the  quality  of  a  food  is  to  be  judged  simply  by  its  chemical  composition. 
Now,  however,  when  the  digestibility  of  a  food  determines  its  value,  it 
is  self  evident  that  the  bread  substitutes  onlj'  temj^orarily  lengthen  life 
and  finally  are  instrumental  in  destroying  it.  Attempts  to  substitute 
other  substances  for  bread  date  from  the  earliest  times.  An  examina- 
tion of  the  bread  substitutes  used  during  the  last  Eussian  famine,  made 
by  Hefanowsky,^  gave  sufiicient  proof  of  the  above  statements.  The 
"hunger  bread*'  collected  contained  oats,  buckwheat,  acorns,  various 
papilionaceje.  potatoes,  straw,  bark,  earth,  barley,  etc. 

The  samples  were  examined  in  the  following  manner: 

1.  For  a  preliminary  chemical  examination,  1  gram  of  the  powdered 
sample  was  mixed  in  a  test  tube  with  10  c.  c.  distilled  water  and  5  c.  c. 
10  per  cent  sodium  hydroxid  solution  and  boiled.  A  rose-red  coloration 
of  the  foam  indicated  the  presence  of  flour  of  the  leguminosie  (pease, 
beans,  etc.). 

2.  One  gram  of  the  substance  was  boiled  with  10  c.  c.  of  distilled 
water,  filtered,  and  the  filtrate  tested  with  ferrous  sulphate  solution. 
A  dark-brown  color  indicated  the  presence  of  acorns  or  of  some  bark. 

3.  The  sample  was  then  examined  microscopically,  the  various  con- 
stituents being  separated  by  Schulze's  method — i.  e.,  by  means  of  nitric 
acid  and  potassium  carbonate. 

The  samples  were  then  compared  with  two  genuine  breads,  one  a 
better  kind  of  rye  bread  baked  in  Kasan,  the  other  a  peasants'  bread 
from  western  Eussia.     In  external  appearance,  color,  and  odor  these 
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substitutes  bad  little  in  common  witb  tbe  normal  bread.  Some  varie- 
ties were  very  rich  in  nitrogen  and  contained  three  times  as  much 
cellulose  as  the  genuine  bread.  Others  again  were  poor  in  nitrogen. 
In  all  cases  the  high  amount  of  cellulose  present  made  them  very  indi- 
gestible. Some  samples  showed  a  high  percentage  of  fat,  which  is 
derived  from  the  substances  used. 

Those  substances  which  are  of  the  greatest  im^^ortance  to  nutrition 
were  present  in  much  smaller  quantities  than  in  genuine  breads.  This 
all  proves  that  hunger  bread  can  not  serve  as  nutriment,  but  only 
condemns  the  body  to  a  chronic  hunger  and  is  followed  by  serious 
complications. 


COMPARATIVE     CHEMICAL     EXAMINATION     OF    BISCUIT 
FROM  RYE,  AND  FROM  RYE  AND  WHEAT. 


MADE 


It  often  happens  that  the  price  of  wheat  is  lower  than  that  of  rye. 
It  thus  becomes  an  object  of  some  commercial  importance  to  mix  wheat 
flour  with  rye  flour  in  those  countries  where  rye  bread  is  in  great 
demand.  It  has  been  found  that  biscuit  made  from  rye  and  wheat 
could  be  substituted  for  those  made  from  rye.  A  chemical  examination 
of  the  Eussian  mixed  biscuit  by  Wilbouschewitz  is  given  below. ^  The 
samples  examined  were  as  follows: 

DESCRIPTIOX   OF    SAMPLES. 

1.  Eye  biscuit  with  12^  per  cent  wheat. 

2.  Eye  biscuit  with  25  per  cent  wheat. 

3.  Pure  rye  biscuit. 

4.  Pure  rye  biscuit. 

5.  Pure  rye  biscuit. 

Analytical  data. 


No.  of 
sample. 

Proteids. 

Sugar. 

Starch 
and    dex- 
trin. 

Crude  fiber. 

Free 
acids. 

Per  cent, 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

1 

15.45 

1.65 

75.48 

3.47 

0.86 

2 

16.36 

1.79 

75.13 

3.15 

0.89 

3 

12.75 

2.36 

78.51 

3.54 

1.18 

4 

16.48 

3.07 

73.32 

3.75 

0.66 

5 

14.94 

4.62 

73.03 

3.97 

0.89 

The  artcle  notes  that  the  Eussian  biscuit  have  a  higher  percentage 
of  proteids  than  the  German  soldier  bread,  but  are  less  digestible,  on 
account  of  the  higher  percentage  of  cellulose.    The  sugar  is  less  in  the 


biscuits  containing  wheat  than  in  the  pure  ry€ 
account  of  diminished  fermentation  in  the  latter. 


biscuit,  probably  on 
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THE    DETECTION   OF    EGG   YOLK  IN   BREADSTUPPS. 

In  Europe  the  yolk  of  eggs  is  extensively  employed  in  the  manufac- 
ture of  noodles.  This  substance  may  also  be  em])loyed  in  making 
bread  or  cakes  where  a  yellow  color  is  desired.  The  following:  method 
of  detecting  the  yolk  may  be  used. 

While  trying  to  determine  the  amount  of  yolk  used  in  making  noodles, 
the  Reinsch  method  was  used  on  some  known  mixtures.  Xoodles  were 
made  containing  G.  2,  and  4  eggs  in  1,000, 1,000,  and  900  grams  of  wheat 
flour,  respectively.  The  noodles  were  tinely  powdered,  extracted 
repeatedly  with  ether,  the  extracts  incinerated  with  potassium  nitrate, 
the  ash  dissolved  in  hot  water,  and  the  phosphoric  acid  determined  in 
the  solution.  A  blank  was  made  with  the  flour.  Assuming  the  IJeinsch 
method  as  reliable  and  that  eggs  of  approximately  30  grams  weight 
with  10  grams  of  yolk  were  used,  the  above  samples  should  have  given, 
respectively,  0.0573  per  cent,  0.0212  per  cent,  and  0.0112  per  cent  phos- 
phoric acid,  corresponding  to  5.08  per  cent,  1.88  x^er  cent,  and  3.92  per 
cent  egg  yolk.  The  results  showed,  however,  that  the  method  is  not 
reliable,  as  the  amount  of  undecomposed  organic  phosj)horus  com- 
pounds which  will  i^ass  into  the  ether  extracts  depends  very  much  on 
the  method  of  preparing  the  noodles.^ 

THE  INPLUBNCE  OF  MOLD  ON  THE   COMPOSITION  OF  BREAD. 

FenicilUum  glaucum  grows  esj^ecially  rapidly  on  bread.  Bread  con- 
tains all  the  nutritive  material  and  the  moisture  necessary  for  the 
rapid  growth  of  mold.  Its  growth  decreases  the  percentage  of  carbo- 
hydrates in  the  substratum.  Rye  bread  was  examined  fresh  and  then 
allowed  to  become  moldy.  The  following  figures  were  obtained  by 
Dietrich :  ^ 

Effect  of  mold  on  bread. 


Calculated  to  dry  substance.                                         ;    Fresh.      /^oiYyj 

U  days 
(moldy). 

Per  cent.    Per  cent. 
Proteids                                                 11  ''Q           !*>  90 

Per  cent. 
14  55 

Ether  extract                .         ..         ..                  0  20  1          0  84 

0  83 

Ash '          1.53  j          1  73 

1  90 

The  per  cent  of  proteids  in  a  moldy  bread  can  thus  not  serve  as  a 
judgment  of  the  fresh  bread,  as  it  is  increased  by  the  corresponding 
decrease  in  carbohydrates. 

FenicUlium  glaucum  is  the  most  dangerous  mold  on  maize.  It  was 
found  that  its  growth  produced  a  phenol  like  body  which  in  large 
doses  produced  headache,  vertigo,  and  even  impaired  the  sight.' 

1  Ztschr.  Nahr.-Unters.,  Hyg.,  u.  Waarenk.,  Vol.  VII,  No.  10,  p.  168. 

2  Op.  cit.,  Xo.  5,  p.  70. 

3  0p.  cit.,No.21,p.  372. 
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BREAD  MADE  FROM  THE  WHOLE  GRAIN. 

The  use  of  the  whole  grain  of  cereals  for  bread  making  is  often  urged 
for  hygienic  reasons.  In  Europe  bread  is  made  from  the  whole  rye  grain 
by  a  process^  consisting  in  cleaning  and  softening  the  whole  grain  and 
then  making  dough  directly  from  it  by  means  of  rollers  without  pre- 
viously making  a  flour. 

Three  samples  of  bread  thus  prepared  were  analyzed  with  the  fol- 
lowing results : 


Constituents. 


Rye  bread 
decorti- 
cated. 

Wheat 
bread  de- 
corticated. 

Per  cent. 

Per  cent. 

51.57 

50.96 

12.03 

9.89 

0.47 

0.36 

34.18 

35.99 

0.82 

1.21 

0.95 

1.55 

Rye  bread 
not  decorti- 
cated. 


Moisture 

Proteids 

Ether  extract . 
Carbohydrates 

Crude  fiber 

Ash 


Per  cent. 

49.  79- 

11. 8L 

0.5T 

35. 14 

1.62 

1.00 


In  this  country  bread  is  made  from  the  whole  wheat  grain,  which  is 
subjected  to  a  shredding  process  described  below. 

SHREDDED   WHEAT   BISCUIT. 

This  food  product  is  unique  in  that  it  is  a  completely  cooked  whole 
wheat  food.  In  its  preparation  the  wheat  grains  are  boiled  in  water 
until  they  are  somewhat  soft,  then  they  are  passed  through  a  machine 
which  reduces  them  to  long  filaments  or  threads,  resembling  in  general 
appearance  spaghetti  or  fine  macaroni.  These  filaments  as  they  come 
from  the  machine  are  laid  lightly  one  upon  another  until  they  are 
built  up  to  the  requisite  height,  when  they  are  formed  into  small 
loaves  resembling  biscuit  and  baked  until  brown.  The  baking  process 
is  followed  by  another  process  that  subjects  the  biscuit  for  about  five 
hours  to  a  dry  heat  at  a  temperature  sufficient  to  raise  them  to  a  desir- 
able degree  of  lightness,  the  shredded  whole  wheat  biscuit  manifestly 
preserving  the  comr)osition  of  the  whole  wheat  berry,  with  the  excep- 
tion of  the  slight  solubility  of  any  of  its  outer  constituents  in  the 
water  which  is  employed.  The  lightness  of  the  biscuit  is  secured  with- 
out the  use  of  yeast  or  baking  powder  and  is  short  without  lard  or  any 
substitute  therefor.  The  following  data  show  the  relation  between  the 
sample  of  the  shredded  whole  wheat  biscuit  and  the  typical  wheat 
such  as  is  described  in  Bulletin  l^o.  45. 
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Comparison  of  ichtat  and  ahredded  biscuit. 

Constituents. 


Shredded 
biscuit. 

Typical 
wheat. 

Per  cent. 

Per  cent. 

10.57 

10.60 

12.06 

12.25 

1.03 

1.75 

2.65 

1.75 

2.58 

2.40 

71.11 

71.25 

Moisture 

Proteid.s 

Ether  extract 

Ash 

Crude  fiber 

Carbohydrates  other  than  fiber  . 


From  an  inspection  of  the  data  it  will  be  seen  that  there  is  remarka- 
ble agreement  between  the  shredded  wheat  biscuit  and  typical  wheat. 
The  most  marked  dei)arture  is  in  the  amonnt  of  ether  extract  a'.id  ash, 
the  former  being  less  and  the  latter  more  in  the  biscuit  than  in  the 
typical  wheat,  while  the  biscuit  differs  from  the  average  yeast  bread  in 
having  about  one-third  as  much  moisture  and  considerably  more  ash. 

In  nutritive  value  it  is  seen  that  the  shredded  wheat  biscuit  contains 
all  the  principles  and  in  almost  exactly  the  same  proportions,  that  are 
found  in  the  whole  wheat,  changed  only  by  the  heat  to  which  they 
are  subjected  in  the  process  of  preparation. 


BREAD   FROM   WHOLE-WpEAT   FLOUR. 

A  "flour  of  the  entire  wheat"  is  also  made  by  the  Franklin  Mills  Com- 
pany, of  Lockport,  X.  Y.  This  flour,  however,  is  not  made  of  the  whole 
grain,  as  its  name  would  imply,  but  is  made  from  the  grain  after  the 
removal  of  the  outer  envelope.  It  is  claimed  by  the  company  that  this 
outer  husk  is  entirely  removed  in  the  manufacture  of  the  ••  Flour  of  the 
Entire  Wheat."  According  to  the  statements  made  in  Bulletin  Xo.  74 
of  the  Agricultural  Exi)eriment  Station  of  Alabama,  the  bread  made 
from  this  flour  is  of  a  light-brown  color,  is  more  moist  and  richer  in 
flavor  than  ordinary  loaves.  It  is  further  stated  that  it  lacks  the 
dryness  so  characteristic  of  white  bread,  especially  that  made  by 
bakers.  The  claim  which  is  made,  that  the  bread  made  from  this  flour 
contains  the  entire  nutritious  matter  of  the  elements  of  the  wheat  is, 
however,  open  to  an  objection  based  on  the  fact  that  the  outer  bran  is 
also  composed  of  nutritious  and  mineral  substances,  and  the  name  is 
therefore,  to  this  extent,  a  misnomer.  There  is  no  doubt,  however,  of 
tiie  fact  that  a  bread  made  from  wheat  from  which  only  the  outer  bran 
is  removed  contains  more  of  the  mineral  ingredients  than  bread  made 
from  wheat  flour  from  which  a  part  (the  bran),  consisting  of  the  outer 
coatings  of  the  grain,  liave  been  entirely  removed.  The  composition 
of  the  "Flour  of  the  Entire  Wheat"  is  shown  in  the  table  of  flour 
analyses,  serial  Xo.  15262.  As  a  comparison  with  the  analytical  data 
17498— i^o.  13 12 
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obtained  here,  those  secured   by  Mr.  B.  B.  Eoss,  State  chemist  of 
Alabama,  are  submitted : 

Flour  of  the  entire  wheat. 


Constituents. 

Koss. 

Wiley. 

Moisture 

Per  cent. 
6.36 

14.19 
1.51 
0.91 

77.03 

Per  cent. 
12.70 

Proteids 

13  39 

1.61 

Ash                    

1.03 

Carbohydrates 

71.27 

Of  the  carbohydrates  in  the  data  given  for  the  analysis  made  in  this 
laboratory  0.63  per  cent  was  crude  fiber,  leaving  a  residue  of  70.64  per 
cent  for  starch,  sugar,  and  dextrin.  The  percentage  of  moisture  found 
by  Eoss  is  exceptionally  low. 


ADULTERATION  OP  BREAD. 

There  is  a  sufficient  number  of  instances  of  adulteration  of  bread  to 
make  a  discussion  of  the  subject  important. 

SOAP   AS   AN   ADULTERANT. 

It  is  not  believed  that  bread  is  ever  adulterated  with  soap  in  this 
country.  Several  instances  of  such  adulterations  abroad  have  been 
reported.^ 

The  addition  of  soap  is  said  to  give  a  light  soft  bread,  and  when  only 
small  quantities  are  added  it  is  difficult  to  detect  the  adulteration.  In 
order  to  distribute  the  soap  evenly  in  the  dough  it  is,  previous  to  its 
incorporation  therewith,  emulsified  with  olive  or  cotton  oil,  and  in  this 
condition  can  be  intimately  distributed  throughout  the  mass.  The 
soap  probably  suffers  partial  decomposition  under  the  influence  of  fat- 
splitting  ferments  and  of  the  lactic  and  acetic  acids  formed  during  the 
fermentation  of  the  bread.  The  following  method  has  been  i^roposed 
for  the  detection  of  soap  in  bread. 

The  dried  bread  is  coarsely  pulverized  and  comx)letely  extracted  in  a 
Soxhlet  apparatus  with  92  per  cent  alcohol,  the  alcohol  evaporated,  the 
extract  dried  and  weighed.  It  is  then  dissolved  in  hot  water  and 
the  acidity  determined  with  decinormal  soda.  The  residue  from  the 
alcohol  extraction  is  dried  and  extracted  with  ether.  This  extract  con- 
tains the  unchanged  fat  derived  from  the  flour,  milk,  and  butter  used 
and  the  oil,  which,  according  to  Crispo,  is  us-^d  to  emulsify  the  soap 
before  it  is  added  to  the  bread. 

Another  i^ortion  of  bread  is  incinerated,  the  ash  treated  with  water, 

iRev.  internat.  des  fals.,  1893,  No.  7,  p.  139. 
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filtered,  and  the  filtrate  titrated  with  decinormal  oxalic  acid.  The 
solution  must  be  filtered,  so  as  to  remove  the  earthy  phosphates,  as 
only  the  alkalinity  of  the  alkaline  bases  present  is  desired. 

No  instance  of  an  adulteration  of  bread  with  soap  has  ever  been 
observed  in  this  country,  and  the  above  method  has  not  been  submitted 
to  trial  in  this  laboratory.  It  is  not  probable  that  any  American 
chemist  will  be  called  upon  to  investigate  an  adulteration  of  this  kind. 

GYPSUM  AS   AN   ADULTERANT. 

The  use  of  gypsum,  terra  alba,  or  other  inert  white  earthy  powders 
has  iiever  been  detected  as  an  adulteration  in  Hour  or  bread  in  the 
samples  examined  in  this  laboratory.  No  authentic  record  of  such  an 
adulteration  in  the  United  States  is  at  hand.  Many  adulterations  of 
this  kind  are  reported  in  foreign  countries.^ 

lu  one  instance  a  w^heat  flour  was  reported  to  contain  53.00  per  cent 
of  gypsum.  In  9  flours  examined  in  Gratz,  one  was  found  which  con- 
tained 39  per  cent  of  gypsum.^ 

In  the  report  of  an  examination  of  66  breads  in  anotlier  citation  3 
samples  were  found  which  contained  traces  of  coi^per,  and  1  a  trace  of 
zinc  and  arsenic.^  It  should  be  remembered,  however,  that  traces  of 
metals  of  this  kind  may  naturally  exist  in  wheat  and  otlier  cereals  when 
grown  upon  soil  containing  them.  In  the  same  report  it  is  stated  that 
one  sample  of  barley  flour  contained  0.3  per  cent  of  sand. 

STANNOUS   CHLORID   AS   AN  ADULTERANT. 

In  the  reports  of  the  food  control  station  in  Vienna  the  following 
instances  of  adulteration  are  noted  :^ 

A  sample  of  spiced  bread  examined  in  the  municipal  laboratory  of 
Paris^  contained  1  per  cent  of  tin.  Smaller,  yet  weighable  quantities 
were  found  in  several  other  samples. 

It  seems  to  be  established  that  the  tin  is  added  in  the  form  of  stan- 
nous chloride,  and  that  it  is  used  to  render  a  product  made  of  poor  rye 
or  wheat  flour  and  molasses  similar  in  appearance  and  texture  to  the 
genuine  product  made  from  good  flour  and  honey.  Such  a  mixture 
"without  this  addition»would  be  heavy  and  have  little  porosity. 

This  adulteration,  of  Belgian  origin,  has  recently  extended  into 
Northern  France,  where  it  makes  it  impossible  for  honest  manufacturers 
of  this  product  to  compete  with  those  using  this  fraudulent  process. 

In  the  writer's  opinion,  the  use  of  tin  for  this  x:)urpose  should  be  pro- 
hibited, even  if  not  injurious  in  itself,  since  it  permits  the  substitution 
of  inferior  materials  for  good  ones. 


1  Ztschr.  Nahr.-Unters.,  Hyg.,  u.  Waarenk.,  Vol.  YII,  No.  1,  p.  14. 
'^Op.cit.,Vol.  VII,p.27. 
3 Op.  cit.,  Vol.  VII,  No.  8,  p.  134. 

"Ztschr.  Nahr.-Unters.,  Hyg.,  u.  Waarenk.,  Vol.  XX,  p.  354 ;  and  Vol.  VII.  pp.  13.  21, 
44,  63,  and  375. 

^M.  A.  Riche,  iu  Revue  Internationale  des  falsilieations,  1892,  vol.  (>,  p.  35. 
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The  writer  states  that  he  has  been  making  experiments  for  several 
years  to  determine  the  action  of  tin  salts  on  the  animal  economy. 

Bayess,  Gharlard,  and  Proust  regarded  tin  as  harmless,  and  consid- 
ered the  cases  of  food  poisoning  of  their  day  to  be  due  to  lead. 

Dr.  Guersaut  cites  a  case  of  poisoning  by  food  which  was  inadvert- 
ently salted  with  stannous  chloride  instead  of  common  salt.  The  dis- 
agreeable iiavor  of  the  preparation  prevented  most  of  the  guests  eating 
it.    Those  who  ate  even  small  quantities  of  it  suffered  from  diarrhea. 

Orfila  has  made  the  following  observ^ations  on  the  results  of  experi- 
ments made  by  him:  Stannous  chloride,  taken  into  the  stomach,  has  an 
irritating  action  on  its  tissue  and  has  an  especially  noticeable  action 
on  the  nervous  system.  When  the  salt  is  injected  into  the  veins  it 
appears  to  act  on  the  lungs. 

Many  scientists  in  different  countries — Wagner,  Hals  and  Lobisch, 
Menke  and  Hehner,Ungar  and  Bodlander,  Sachs,  Sadgewick,  Beckurts, 
Xehring,  Blarez,  Bettiuk,  Van  Hamel  Roos,  Kayser,  Weber,  etc. — liave 
examined  the  question  of  tin  in  its  relations  to  i^reserved  foods,  and  all 
their  works  seem  to  lead  to  the  conclusion  that  tin  can  not  be  consid- 
ered harmless. 

PARTIALLY    PREPARED    OR   BREAKFAST   FOODS. 

Partially  prepared  or  so-called  breakfast  foods  are  common  articles 
of  diet  in  American  families.  They  consist  of  the  partially  baked  or 
softened  cereals  prepared  in  different  ways,  or  sometimes  eaten  practi- 
cally whole,  as  in  the  case  of  cracked  wheat.  Nearly  all  the  cereals 
are  represented  in  these  partially  prepared  or  breakfast  foods.  Oats 
probably  occupies  the  first  rank,  and  oatmeal  in  some  form  of  i)repara- 
tion  is  almost  a  constant  article  of  diet  on  the  breakfast  table.  Wheat 
and  maize  are  not  far  behind,  and  these  products  are  also  used  to  a  very 
large  extent  as  breakfast  diets.  There  is  not  place  here  to  describe  the 
methods  of  preparing  these  foods  in  general.  Many  of  them  have  been 
subjected  to  a  high  temperature,  by  which  the  starch  grains  are  softened 
and  formed  into  a  kind  of  paste.  The  hulls  and  skins  are  removed 
from  other  cereals,  so  that  the  product  does  not  represent  the  whole 
grain,  but  only  a  portion  thereof.  In  some  cases,  as  in  the  manufacture 
of  cerealine,  the  germ  is  also  removed,  as  well  as  a  portion  or  all  of  the 
outer  envelopes  of  the  grain.  One  object  in  this  manufacture  appears 
to  be  the  preparation  of  a  food  which  can  be  made  ready  for  the  table 
in  a  few  moments.  It  is  probable,  however,  that  too  little  time  is  con- 
sumed in  the  final  cooking  of  these  breakfast  foods,  and  instead  of 
using  only  a  few  moments  in  their  preparation,  their  wholesomeness, 
palatability,  and  digestibility  would  be  greatly  improved  by  subjecting 
them  for  a  longer  time  to  the  temperature  of  boiling  water  in  the  proc- 
ess of  final  preparation. 

An  attempt  has  been  made  to  secure  practically  all  the  leading  brands 
of  these  breakfast  foods,  but  the  impossibility  of  doing  this  without 
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having  agents  in  all  parts  of  the  United  States  is  readily  seen.  ^Fanj- 
brands  of  breakfast  foods  have  only  a  local  or  a  limited  use,  and  those 
brands  which  are  in  common  use  in  one  part  of  the  country  may  be 
almost  wholly  unknown  in  another.  In  purchasing  all  the  brands  which 
are  on  the  markets  which  can  be  personally  inspected  by  the  employes  of 
this  division,  it  is  not  probable  that  nearly  all  of  the  breakfast  foods 
are  represented  in  the  list  which  follows.  It  is  beheved,  however,  that 
the  constitution  of  the  different  types  of  breakfast  foods  is  very  accu- 
rately shown  in  the  average  data  of  the  tables  which  follow. 

DESCEIPTION    OF   PARTIALLY   PREPARED    CEREALS   AND   BREAKFAST 

FOODS. 

14358.  Granula,  prepared  and  sold  by  Our  Home  Grauula  Company, 
Dansville,  X.  Y.,  sole  manufacturers  of  Dr.  J.  C.  Jackson's  Granula. 

14359.  Shredded  Whole  Wheat  Biscuit.  Manufactured  by  The  Cereal 
Machine  Comimny:  office  and  factory,  55-63  Jackson  street,  Worcester, 
Mass. 

14360.  Imperial  Grauum.  The  Imperial  Granum  Company,  shipjung 
depot,  John  Carle  &  Sons,  Xew  York,  U.  S.  A. 

14361.  Foulds'  Wheat  Germ  Meal,  Daverio  Process.  Prepared  from 
choice  winter  wheat  by  the  Foulds'  Milling  Company,  Cincinnati.  Ohio. 
^•'Prepared  from  the  glutinous  portion  of  wheat." 

14363.  Whole  Wheat  Gluten.  Health  Food  Company,  61  Fifth 
avenue,  Xew  Y^ork. 

14364.  Cooked  Gluten.  Health  Food  Company,  61  Fifth  avenue, 
!N"ew  York.  -'This  is  the  crude  gluten  of  wheat  ijerfectly  cooked  and 
subsequently  transformed  into  a  dry  flour  or  meal." 

14366.  Wheatlet.  The  Franklin  Mills  Company,  Lockport,  X.  Y. 
•'A  delicate  and  delicious  breakfast  food.  A  complete  natural  product 
of  the  whole  of  the  wheat." 

14368.  Germea.  Prepared  from  the  choicest  California  white  wheat. 
The  John  T.  Cutting  Company,  San  Francisco  and  Xew  York. 

14369.  Pettijohns  Breakfast  Gem.  Manufactured  by  C.  S.  Laumeis- 
ter,  203-207  Mission  street,  San  Francisco,  Cal.  Prepared  in  California 
from  the  best  selected  and  thoroughly  cleaned  California  white  wheat. 

14370.  Leggett's  Cracked  White  Wheat.  Francis  H.  Leggett  &  Co., 
packers  of  farinaceous  products.  West  Broadway,  Franklin  and  Vesey 
streets,  Xew  York. 

14371.  F.  F.  V.  Breakfast  Malt  Food.  Manufactured  by  Refined 
Food  Company,  Xew  York  City.  ^'F.  F.  V.  Malt  Breakfast  Food  is 
made  according  to  a  formula  which  is  the  result  of  many  years  of 
experiment  and  actual  tests  in  the  practice  of  Dr.  Fillmore  Moore. 
All  the  woody  and  nonnutritious  substances  are  removed  and  the 
insoluble  starch  is  made  soluble  or  converted  into  maltose  by  diastase, 
a  digestive  ferment.  F.  F.  V.  Breakfast  Food  is  manufactared  from 
wheat,  barley,  and  Southern  corn. 

14372.  Granulated  Barley.  Health  Food  Company,  61  Fifth  avenue, 
Xew  Y^ork. 
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14375.  Breakfast  Pearl  Hominy.  Made  by  the  Washington  Pearl 
Hominy  Mills,  Washington,  D.  C. 

14376.  Quaker  Rolled  White  Oats.  Manufactured  by  the  American 
Cereal  Company,  Chicago,  111.,  U.  S.  A. 

14377.  Hornsby's  Steam  Cooked  Oatmeal,  H-O.  The  H-O  Company, 
Kew  York,  U.  S.  A.  Product  manufactured  and  guaranteed  by  "The 
Clover  Mills,"  Buffalo,  ]N^.  Y.  "Prepared  by  cooking  with  steam,  which 
converts  tlie  starch  into  digestible  sugar,  making  the  product  easily 
assimilable." 

14378.  Parched  Rolled  Oats,  Quail  Brand.  Nebraska  City  Cereal 
Mills,. i^ebraska  City,  Nebr.,  U.  S.  A. 

14379.  Fleischmann's  Vienna  Bread  Crumbs  from  The  Edelheim 
Company  (incorporated).  Proprietors  of  Fleischmann's  Vienna  Model 
Bakery,  233-259  North  Broad  street,  Philadelphia,  Pa. 

14387.  Pates  Alimentaires  de  Choix.  (Vermicelli  Taganrock  Choix.) 
Laroze  et  Cie.,  Lyons,  France,  fabricants. 

14389.  Durkee's  Pearl  Tapioca.  F.  R.  Durkee  &  Co.,  importers  and 
manufacturers  of  choicest  quality  food  products,  New  York.  "Tapi- 
oca is  the  product  of  a  plant  variously  known  in  the  troj)ical  countries 
in  which  it  is  cultivated  as  cassava,  cassada,  manipot  cannabina,  man- 
dioca,  tapioca,  etc." 

14390.  Ceylon  Spice  Company's  McKinley's  Protection  Brand  Instan- 
taneous Tapioca.  The  Ceylon  Spice  Company,  sole  proprietors  and 
manufacturers,  Front  and  New  streets,  Philadelphia,  Pa. 

14391.  Finely  Granulated  Rio  Tapioca.  Parrish  Brothers,  Baltimore, 
Md.     "  Selected  with  great  care.     Dissolves  instantly." 

14392.  Smith's  Homemade  Egg  Noodles.  Manufactured  only  by  S.  R. 
Smith  Company,  Harrisburg,  Pa.  "  Made  from  fresh  eggs  and  high- 
grade  flour  only." 

14393.  L'Etoile  Egg  Noodles.     Vernier  et  Freres,  Bordeaux,  France. 
15253.  Cerealine  Flakes.     The  Cerealine  Manufacturing  Company, 

sole  manufacturers,  Columbus,  Ind. 

15256.  Pearl  Hominy.     John  Outcalt,  Si)otswood,  N.  J. 

15257.  Pearl  Breakfast  Hominy.  Manufactured  by  Baltimore  Pearl 
Hominy  Mills,  Baltimore,  Md. 

15265.  Wheatena.  Health  Food  Company,  61  Fifth  avenue,  New 
York.  "Made  from  peeled  wheat.  The  best  quality  of  white  wheat  is 
selected,  the  bran  coats  are  removed,  and  the  pure  food  of  the  kernel 
reduced  to  a  granular  form." 

15266.  ABC  Oatmeal  (Crushed  White  Oats),  Hulled,  Steam  Cooked, 
and  Desiccated.  The  Cereals  Manufacturing  Company,  83  Murray 
street,  New  York. 

15267.  ABC  White  Wheat,  Hulled,  Steam  Cooked,  and  Desiccated. 
The  Cereals  Manufacturing  Company,  83  Murray  street.  New  York. 

15271.  Eli  Pettijohn's  Best.  Made  from  best  selected  Pacific  coast 
white  wheat.     Eli  Pettijohn  Cereal  Company,  Minneapolis,  Minn. 
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15273.  Pearl  Samp.     Made  by  Baltimore  Pearl  Hominy  Mills,  Balti 
more.  Md. 

15275.  Heckei's  Farina.  Manufactured  at  Hecker  Mills,  203  Cherry 
street,  Xew  York. 

15276.  Granulated  Kio  Tapioca.  Imp(jrted  by  E.  C.  Hazard  &  Co., 
Xew  York. 

15277.  Kingsford's  Oswego  Corn  Starch  (known  also  as  prepared 
corn).  Manufactured  expressly  for  food  by  T.  Kingsford  tS:  Son, 
Oswego,  N.  Y. 

15278.  HilFs  East  Indian  Manioca.  Manioca  Company,  Kowland  F. 
Hill,  Xew  York. 

15279.  Durkee's  Eice  Flour.  E.  E.  Durkee  &  Co.,  importers  and 
manufacturers  of  choicest  quality  food  products,  ^S'ew  York. 

152S0.  Extra  (Quality  Flake  Tapioca.  Put  up  by  Francis  H.  Leggett 
&  Co.,  !N'ew  York. 

15281.  Eoasted  Oats,  Onderdonk's  Patent.  American  Cereal  Eoast- 
ing  Company,  6  Harrison  street,  Xew  Y'ork. 

15282.  Pates  Extra  Taganrok  Superieur.  (Vermicelli.)  Santelli  et 
Cie,  Lyons,  France. 

15281:.  Petites  Pates  Extra,  Lettres  et  CbiUres.  Tve.  Carres  Jne.  et 
Fils,  Usine  street.  Xicolas,  Bordeaux,  France. 

15283.  Spaghetti.  La  Favorita,  Valence,  Bordeaux,  New  York. 
Fabrica  di  Paste  SoprafBne  D'Ogni  Qualita,  Alexis  Godillot  Jeune, 
Bordeaux,  France. 

15320.  Graham  Flakes  or  Granulated  Graham.  Francis  H.  Leggett 
«&  Co.,  Xew  York. 

15321.  Spaghetti  Senza.  John  di  Cola,  established  1861,  Manufac- 
turing House  of  Superior  Maccaroni,  Termini  Imerese,  Sicily. 

15322.  Pates  Extra  Taganrok  Superieur.  Santelli  et  Cie.,  Lyons, 
France. 

15323.  Pates  Alimentaires  Taganrok  Superieur  Extra.  Santelli  et 
Cie.,  Lyons,  France. 

15325.  Ealston  Health  Club  Breakfast  Food,  indorsed  by  Ealston 
Health  Club,  Martyn  College,  Washington,  D.  C.  Manufactured  by 
Eobinson-Danforth  Company,  proprietors,  Purina  Mills,  St.  Louis, 
Mo.     -'A  perfect  food  uiade  from  selected  wheat,  rich  in  gluten." 

15326.  Granose  Flakes.  Manufactured  solely  by  the  Sanitarium 
Health  Food  Company.  Battle  Creek,  Mich.  ''Eepresenrs  the  entire 
wheat  berry  undeteriorated  by  any  milling  i)rocess  and  thrice  cooked, 
whereby  the  starch  is  largely  converted  into  dextrin.*' 

15329.  Granulated  Eye.  ^lanufactured  by  Health  Food  Company, 
61  Fifth  avenue,  Xew  Y\)rk.  ''  Made  from  the  best  rye,  hulled  by  the 
wet  process  and  reduced  to  a  granular  meal  without  the  injurious  heat- 
ing of  millstone  grinding."' 

15331.  F-S  Granulated  Hominy.  Manufactured  by  The  American 
Cereal  Company,  at  the  Scliumacher  Mills,  Akron,  Ohio,  U.  S.  A. 
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15332.  Friends  Eolled  White  Oats  (kiln  dried).  Manufactured  only 
by  Muscatine  Oat  Meal  Company,  Muscatine,  Iowa. 

15333.  Parched  Farinose.  Manufactured  by  The  American  Cereal 
Company,  at  the  Schumacher  Mills,  Akron,  Ohio,  TJ.  S.  A.  Prepared 
from  Ohio's  best  amber  wheat.  ^'  Eich  in  gluten,  germ,  nitrates,  fat, 
and  phosphates.'^ 

15335.  Granola.  Manufactured  by  Sanitarium  Health  Food  Com- 
pany, Battle  Creek,  Mich.  "Wheat  and  Oats.  An  invalid  food 
prepared  by  a  combination  of  grains  so  treated  as  to  retain  in  the 
prejjaration  the  'highest  degree  of  nutrient  qualities,'  while  eliminating 
every  element  of  an  irritating  character." 

15336.  Superior  Scotch  Pinhead  Oatmeal.  Carr  &  Co.,  Millers  and 
Biscuit  Manufacturers,  Carlisle,  England. 
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STUDY  CF  THE  ANALYTICAL  DATA. 

The  analytical  data  are  given  as  computed  for  the  original  substance, 
and  also  for  the  water-free  substance.  Where  the  factor  for  the  pro- 
teids  determined  by  recent  analyses  differs  sensibly  from  6.25,  the  old 
normal  factor,  the  proteids  have  been  calculated  by  both  methods  in 
order  to  give  not  only  the  data  of  comparison  with  old  analyses,  but 
also  to  secure  a  method  of  computing  the  total  carbohydrates  present 
by  diflerence,  as  determined  by  the  new  factor.  The  variations  pro- 
duced by  these  two  comj)utations  are  seen  chiefly  in  wheat  and  barley, 
where  the  new  factor  for  the  calculation  of  proteids  is  considerably 
lower  than  the  old  number.  The  variations  in  the  case  of  Indian  corn 
are  so  slight,  between  6.25  and  6.22,  as  to  render  a  separate  calculation 
unnecessary.  In  the  oat  products  the  difference  is  also  very  little, 
namely,  6.25  and  6.31,  but  in  this  case  the  results  calculated  by  the  new 
factor  are  given.  Where  two  series  of  factors  have  been  given,  the 
appropriate  headings  indicate  the  one  which  has  been  employed,  namely, 
N  X  6.25  for  the  old  factor,  and  N  x  the  number  expressing  the  new 
factor.  In  the  calculation  of  the  carbohydrates,  where  two  factors  are 
given  for  the  proteids,  the  one  which  has  been  used  for  the  calculation 
of  the  carbohydrates  is  placed  above  the  column  so  as  to  avoid  con- 
fusion, as,  for  instance,  in  class  2,  wheat  products,  the  carbohydrates 
are  calculated  on  the  basis  of  the  factor  of  N  x  5.70,  as  indicated  at 
the  top  of  the  column.  A  study  of  the  analytical  data  reveals  in  the 
averages  given  the  character  of  the  products  which  are  used  for  break- 
fast foods. 

Class  I. — Indian  Corn  Products. 

In  this  class  it  is  seen  that  quite  uniformly  the  germ  has  been 
extracted  before  the  preparation  has  been  made.  In  some  cases  the 
extraction  has  been  quite  perfect,  as  in  No.  15256  and  in  Ko.  15231.  In 
other  instances  a  considerable  quantity  of  oil  has  been  left  in  the  prod- 
uct, as  is  shown  by  No.  15253.  The  quantity  of  fiber  shows  a  pretty 
thorough  separation  of  the  flour  from  the  bran  in  all  cases  except  No. 
15273,  where  a  considerable  quantity  of  fiber  has  been  left  in  the  meal. 
The  ash  is  normal  in  all  cases  except  No.  15253,  where  it  is  evident 
that  some  mineral  matter — probably  common  salt — has  been  added  to 
the  preparation.  The  mean  percentage  of  proteids  is  what  would  be 
expected  from  Indian-corn  products  from  which  the  germ  and  a  con- 
siderable quantity  of  the  envelope  rich  in  protein  has  been  removed. 
The  carbohydrate  column  represents  the  starches,  sugars,  pentosans, 
and  all  other  carbohydrate  matters  not  included  under  fiber.  The  num- 
bers in  each  case  are  obtained  by  subtracting  the  sum  of  the  other 
ingredients  from  100.  The  percentage  of  moisture  in  the  products  rep- 
resents very  nearly  the  normal  percentage  in  the  fresh  grains. 

Class  II. — Wheat  Products. 

Wheat  is  used  to  a  very  large  extent  in  the  preparation  of  breakfast 
foods,  and  the  number  of  samples  purchased  in  the  open  market 
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derived  from  wheat  was  greater  than  that  obtained  from  any  other 
cereal. 

The  ether  extract  shows  that  the  wheat  germs,  as  a  rule,  were  not 
removed  in  the  process  of  the  preparation  of  the  material.  In  a  few- 
instances  the  quantity  of  ether  extract  indicates  that  the  product  was 
a  mixture  of  wheat  and  oatmeal.  The  sami)les  containing  an  excess  of 
oil  for  wheat  products  are  Xos.  14363,  14309,  and  15205.  In  two  of 
these  instances  the  large  quantity  of  proteids  also  indicates  the  admix- 
ture of  oatmeal,  while  in  the  third  one,  namely,  'So.  14309,  the  low 
quantity  of  proteids  would  lead  to  the  supposition  that  the  substance 
used  for  mixing  was  Indian-corn  meal  from  which  the  germ  had  been 
removed  instead  of  oatmeal. 

The  fiber  is  abnormally  high  in  two  instances,  namely,  ]S"os.  14303 
and  15320.  In  these  cases  it  must  be  supposed  that  the  bolting  of  the 
product  was  not  carried  to  the  full  limit,  and  that  a  large  portion  of 
bran  remained  in  the  flour. 

In  regard  to  the  ash  there  is  one  instance  where  it  is  evident  that 
there  was  a  mixture  of  mineral  matter,  probably  common  salt.  In  two 
other  cases  the  quantity  of  ash  ai)pears  to  be  rather  high,  namely, 
Xos.  14303  and  15271.  The  increase,  however,  is  not  sufficiently  great 
to  warrant  the  assumption  of  the  introduction  of  extraneous  mineral 
matter. 

The  mean  percentage  of  the  proteids  is  what  would  be  expected  from 
the  average  comi^osition  of  wheaten  flours.  The  variations  are  also 
within  the  limits  of  A^arious  kinds  of  wheat,  although  Xo.  14368  falls 
very  low,  even  for  a  wheat  poor  in  i3roteids.  A  high  content  of  proteids 
is  found  in  Xos.  14303.  15320,  and  15326. 

Class  III.— Oat  Products. 

The  oat  products  are  quite  characteristic  of  oatmeal  from  the  whole 
grain.  It  is  evident  that  the  germ  has  not  been  removed,  as  the 
quantity  of  oil  is  fully  up  to,  if  not  in  excess  of,  that  usually  jnesent 
in  the  oats.  Fiber,  ash,  and  i)roteids  are  also  normal.  The  quantity 
of  oil  and  proteids  being  so  high,  causes  a  corresponding  depression  in 
the  carbohydrate  matter.  It  is  evident  in  the  analyses  which  are  given 
that  there  was  no  adulteriiiion  practiced  in  the  case  5f  the  oat  products 
examined.  The  high  nutritive  value  of  the  oatmeal,  in  respect  of  both 
its  content  of  fat  and  of  i)roteids,  is  full}^  illustrated  by  the  analytical 
data  obtained. 

Class  IV. — Tapioca. 

The  class  of  partially  prepared  foods  which  bears  the  general  name 
of  tapioca  is  represented  in  this  place.  Often  ordinary  starches  are 
employed  for  breakfast  foods  and  would  be  included  in  this  class. 
Tapioca  proper  is  derived  from  starches  produced  in  tropical  regions. 
It  is  made  chiefly  from  the  scniiliquid  starches  or  juices  of  the  cassava 
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plant.    The  sweet  cassava  grown  in  Florida  also  yields  an  excellent 
article  of  tapioca.^ 

Strictly  speaking,  tapioca  would  not  be  considered  in  bulletins 
devoted  to  cereals  and  tlieir  products,  but  inasmuch  as  cereals  are 
often  used  as  substitutes  for  tapioca,  it  is  thought  proper  that  it 
should  find  a  place  in  this  bulletin.  Analytical  data  show  that  the 
starches  and  tapiocas  examined  were,  from  a  chemical  point  of  view, 
composed  almost  exclusively  of  pure  starch  and  water.  The  quantities 
of  starch,  ether  extract,  fiber,  and  proteids  are  only  such  as  would  be 
expected  in  starches  which  had  not  been  purified  with  particular  care. 

Class  V. — Macaroni,  etc. 

Noodles,  spaghetti,  and  macaroni  are  names  for  products  which  are 
essentially  similar  in  their  character  and  chemical  composition.  They 
are  made  from  flour  rich  in  gluteu,  molded  into  threads,  solid  or  tubu- 
lar. They  form  an  important  item  of  diet  in  Italy  and  are  used  to  a 
large  extent  in  this  country.  The  analytical  data  reveal  only  the  char- 
acteristics of  a  good  wheat  flour.  Only  in  one  instance  does  an  excess 
of  mineral  matter,  presumably  common  salt,  occur,  namely,  in  No. 
14392.  In  this  instance  also  oil  of  some  kind  seems  to  have  been  used 
in  the  manufacture.  All  the  other  samples  are  evidently  made  of  pure 
wheat  flours  without  any  additions  or  adulterations  of  any  description. 

Class  VI. — Barley  Products. 

Only  one  sample  of  a  barley  breakfast  food  was  met  with  in  the  pur- 
chases which  were  made  in  the  open  market.  The  proteids  in  this 
sample  were  rather  low  and  the  carbohydrates  correspondingly  high. 
In  other  respects  the  analytical  data  do  not  merit  further  discussion. 

Class  VII.— Miscellaneous  Products. 

In  this  class  were  collected  all  the  varieties  of  breakfast  foods  which 
could  be  purchased,  and  whose  origin,  that  is,  the  nature  of  the  cereal 
emiiloyed  in  whose  manufacture,  it  was  not  possible  to  obtain  from  any 
description  on  the  packages.  There  is  nothing  in  the  analytical  data 
which  tends  to  reveal  the  nature  of  the  origin  of  these  products,  with 
the  exception  of  the  percentage  of  proteids  which,  taken  in  conjunction 
with  the  rather  low  ether  extract,  indicates  that  they  are  almost  uni- 
formly derived  from  wheat  or  wheat  prod  ucts.  In  the  case  of  No.  14360, 
where  the  perceutage  of  proteids  would  indicate  that  the  sample  might 
be  derived  from  oats,  the  low  percentage  of  ether  extract  removes  the 
possibility  of  this  being  so.  In  samples  No.  14358  and  No.  14371,  where 
the  rather  high  content  of  oil  might  indicate  the  use  of  Indian  corn, 
the  high  percentage  of  proteids  excludes  also  that  possibility.  All  of 
the  miscellaneous  breakfast  foods  appear  to  have  been  derived  from 
wheat, 

1  See  Bulletin  No.  44,  of  this  division. 
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BISCUITS. 

A  large  variety  of  cereal  foods  are  offered  for  sale  to  which  the  com- 
mon term  "biscuits"  can  be  applied.  All  hard,  brittle  cakes  which 
are  unleavened  may  be  considered  under  this  head,  with  the  possible 
exception  of  those  which  contain  sugar.  When  biscuits  contain  added 
sugar  they  properly  belong  to  the  next  category  of  cereal  foods  to  be 
considered,  viz.  cakes.  This  class  of  bodies  is  sold  under  a  great 
variety  of  names,  as  will  be  seen  by  inspecting  the  column  headed 
••  Trade  name"  of  the  appended  description.  They  are  often  sold  under 
the  name  of  ••  crackers,"'  but  this  latter  name  is  not  to  be  preferred, 
although  it  is  in  quite  general  use. 

PREPARATION. 

Biscuits  are  made  almost  exclusivel}^  of  wheat  flour,  and  the  requisite 
degree  of  toughness  of  the  dough  is  secured  by  a  long  preliminary 
working  or  beating,  by  means  of  which  the  conversion  of  the  glutenin 
and  gliadin  into  gluten  is  made  very  complete,  and  the  dough  assumes 
an  elastic,  rubber-like  consistence.  The  more  prolonged  the  preliminary 
working  or  beating  of  the  dough  the  firmer  and  more  brittle  the  finished 
products  become.  The  addition  of  chemicals  in  tlie  form  of  bicarbonate 
of  soda  or  other  similar  materials  is  not  to  be  recommended  in  the 
preparation  of  biscuit,  although  certain  varieties  are  sold  as  soda  bis- 
cuit or  soda  crackers.  The  trade  name  of  the  product  is  not  always  a 
sure  index  of  the  character  of  the  compound.  In  the  form  of  biscuit 
the  bread  made  from  wheat  flour  can  be  more  convenienth'  transported 
and  longer  x)reserved  than  in  almost  any  other  form,  and  for  this  reason 
many  forms  of  biscuit  are  found  in  the  ration  of  soldiers,  especially 
when  on  the  march.  A  very  hard,  large  biscuit  was  in  extensive  use 
during  the  late  war,  and  is  known  as  ''hard-tack.^'  In  this  form  the 
greatest  amount  of  nourishment  can  be  carried  at  the  least  expense  of 
transportation. 

In  the  groui^ing  of  the  samples  which  have  been  purchased  in  the 
open  market  in  Washington  it  is  possible  that  some  may  have  been 
incorporated  which  do  not  properly  belong  under  the  general  definition 
of  biscuit  given  above.  An  attempt  was  made  to  eliminate  all  biscuits 
which  contained  any  added  sugar.  It  is  evident,  however,  from  an 
inspection  of  the  analytical  data,  that  many  of  the  samples  contained 
a  considerable  quantity  of  added  mineral  matter,  which  in  most  cases 
was  found  to  be  common  salt.  The  analytical  data  follow. 
17498— No.  13 13 
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Description  of  biscuits. 


Serial 
No. 


Trade  name. 


Name  of  dealer. 


Name  of  maiuilacturer. 


Price 

per 

pound. 


Cents. 


Split  Boston  Crackers. 


14723 
14724 
14726 

14727 

14728 

14729 

14730 
14731 


14733 
14734 

15002 

15006 
15007 
15009 

15016 
15020 

15254 


15255 
15260 

15263 
15264 
15269 

15270 
15272 

15274 

15286 

15287 

15294 

15296 


Saltines 

"Water  Thins  . . . 
Graham  Wafers 


N.  TV.  Burchell,  1325 
F  street  NW. 

do 

do 

do 


Cream 

Egg  Biscuit 
Cream  Lunch. 


Mushrooms,  or    Egg 
.Biscuit. 

Cream  Crackers 

Dinner  Biscuit 


Educators  (Dr.  John- 
son's). 

Water  Crackers 

Alberts  (water  crack- 
ers). 

Baby  Oyster  Crackers . 


SeaShells 

Animal  Crackers 
Pretzellettes 


German  Zwieback 

Graham  Crackers  (For- 

get-Me-Nots). 
Delicacy 


Lunch  Milk  Biscuit  . . 

Keystone  Cream  Bis- 
cuit. 

Cracker  Meal 

Seaside  Wafers 

Zephyrette  (Larra- 
bee's). 

London  Cream  Biscuit . 

Sardine  Oat  Cakes 


The  Kennedy  Biscuit  Co. ,  New  York, 

N.T. 
J.  D.  Mason  &  Co.,  New  York,  N.  Y. 
Holmes  <fc  Coutts,  New  York,  N.  Y. 
The  New  York   Biscuit  Co.,   New 

York,  N.  Y. 
Mason  &  Co.,  Baltimore,  Md 


The    New  York   Biscuit   Co.,  New 

York,  N.  Y. 
Mason  &  Co.,  Baltimore,  Md 


.do 


John  H.  Magruder  & 
Co.,  1417  New  York 
avenue  NW. 

do 

do 


Huntley  &  Palmer,  Reading,  Eng- 
land. 

The  New  York  Biscuit  Co.,  New 
York,  N.  Y. 

Bent  &  Co.,  Milton,  Mass 

Holmes  &  Coutts,  New  York,  N.  Y. 

The  New  York  Biscuit   Co.,    New 

York,  N.  Y. 
do 

Mason  &.  Co  ,  Baltimore,  Md 

The  New   York  Biscuit  Co.,   New 

York,  N.  Y. 
Holmes  &  Coutts,  New  York,  N.Y. 
The  New  York  Biscuit  Co.,   New 

York,  N.  Y. 
CD.  Boss  &  Son,  New  London,  Conn. 


.do 


Reception  Flakes . 
Sea  Foam  Wafers . 
Cream  Crackers  .. 
Saltines 


Fort    Pitt    Butter 
Crackers. 


-do 
-do 
.do  , 

.do. 
.do  . 

.do  . 

-do  . 

.do  , 

.do 

.do 


Marvin  &  Co.,  New  York,  N.Y 

CD.  Boss  &  Son,  New  London,  Conn . 
....do 

The  New  York  Biscuit  Co.,  New 
York,  N.  Y. 

Young  &.  Larrabee,  Syracuse,  N.  Y.. 

John  Walker  &  Co.,  Glasgow,  Scot- 
land. 

Havenner's  Bakery,  Washington, 
D.  C. 

The  New  York  Biscuit  Co.,  New 
York,  N.  Y. 

Havenner's  Bakery,  Washington, 
D.  C 

The  Kennedy  Biscuit  Co.,  New  York, 
N.Y. 

Marvin  &  Co.,  New  York,  N.Y 


12 

10 

12 
20 
'25 

12 
'50 

»25 

18 

12 

18 

10 


Per  box. 
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Description  of  biscuits — Continued. 


Serial 
^■o. 


Trade  name. 


Xauie  of  dealer. 


2same  of  manufacturer. 


Price 

per 

pound- 


dntg. 


15297 


15299 
15302 


15307 
15313 


Brownie    Pretzels     John  H.  Magrruder  <fc 
(Schwabs).  Co.,  1417  Xew  York 

avenue  XW. 

X-Kay  Crackers do 

Zephyr  Pilot do 


JeflF.   Davi.s    AV  a  t  e  r    do 

Crackers. 

3A  Soda  Crackers do 

TTater  Crackers G.  G.  Cornwell  iz.  .Son, 


Marvin  Sc  Co.,  Xew  York.  X.  Y 

The  Kennedy  Biscuit  Co.,  Xew  York, 

X.  Y. 
The   Xew   York  Biscuit   Co.,   Xew 

York,  X.  Y. 

do 

Carr  6c  Co.,  England 


15 


1412-1414    Pennsyl-  ; 

vania  avenue  XW.     ; 

• 

15318 

Cracker  Meal 

do ' 

Bent  &  Co.,  Milton,  Mass 

15 

15320 

Graham  Flakes 

do 1 

Francis  H.Leggett<fc Co.,  Xew  York. 
X\Y. 

15 

15327 

Wilson's  Health  Bis- 
cuit. 

do 1 

1 

The  Xew  York  Biscuit   Co.,    X'ew 
York,  X.  Y. 

12 

15330 

Water  Thin  Biscuit  .. 

do 1 

Medlar  <fc  Co.,  Philadelphia,  Pa 

25 

15337 

rniTer8ity(Plain)  Bis- 
cuit. 

do 

Huntley  &  Palmer.   Reading.  Eng- 
land. 

35 

15339 

Bath  Oliver  Biscuit. . . 

do 

...do  

30 

15340 

Grist  Mill  Crackers. . . 

do 

Potter     <fc    Wrightington,     Boston, 
Mass. 

15 

15343 

73reakfast  Biscuit 

do 

Huntley   A:    Palmer,  Beading.  Eng- 
land. 

60 

15344 

Xursery  Biscuit 

do 

do 

40 

15346 

Petit-Beurre 

do 

....  do  

35 

15347 

Luncheon  Biscuit 

do 

Bent  &  Co..  Milton,  ^lass 

25 
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DISCUSSION   OF    THE   ANALYTICAL   DATA. 

Ill  the  study  of  the  analytical  data  the  most  remarkable  fact  which 
presents  itself  is  found  in  the  large  quantity  of  ether  extract.  When 
the  difficulty  of  extracting  the  fat  from  baked  bread  is  considered  it 
must  be  admitted  that  the  actual  amount  of  fat  present  is  probably 
considerably  greater  than  that  which  is  shown  by  the  ether  extract. 
The  mean  percentage  of  fat,  as  determined  by  analysis,  is  nearly  9, 
which  shows  the  addition  of  from  9  to  15  per  cent  of  fat  in  the  prepa- 
ration of  the  dough.  This  large  percentage  of  added  fat  is  one  of  the 
most  constant  characteristics  of  the  class  of  cereal  foods  known  as  bis- 
cuits. In  the  48  samples  examined  only  4  were  free  of  added  fat.  The 
maximum  amount  of  fat  found  by  extraction  with  ether  was  10.05  per 
cent  in  'No.  14729,  which  would  indicate  that  nearly  20  per  cent  of  fat 
had  been  added  in  the  mixing  of  the  dough.  This  large  loercentage  of 
fat,  of  course,  adds  to  the  nutritive  value  of  the  biscuits  when  consid- 
ered from  the  point  of  view  of  condensation  as  favoring  transportation. 
The  natural  consequence  of  the  addition  of  the  fat  would  be  a  diminu- 
tion in  the  content  of  the  other  nutritive  ingredients,  and  consequently 
the  j)ercentage  of  carbohydrates  and  of  proteids  is  much  less  than  in  a 
straight  bread  or  a  biscuit  made  from  a  straight  flour  without  the  addi- 
tion of  fat.  The  mean  percentage  of  proteids  is  9.43  and  of  carbo- 
hydrates 73.17.  The  highest  content  of  carbohydrates  is  found  in  those 
samples  where  no  addition  of  fat  was  practiced,  but  the  same  can  not 
be  said  of  the  proteids;  for  instance,  the  sample  which  contains  the 
largest  amount  of  fat  contains  also  an  amount  of  x)roteids  far  above 
the  average,  viz,  11.68  i:>er  cent,  showing  that  the  material  was  made 
from  a  flour  extremely  rich  in  gluten.  Inasmuch  as  a  stiff  dough  is 
highly  essential  in  the  manufacture  of  biscuits,  it  is  evident  that  flours 
which  contain  a  large  percentage  of  gluten  are  to  be  preferred,  and 
this  is  shown  in  the  general  analytical  data.  Only  in  a  few  instances  do 
the  proteids  fall  to  a  remarkably  low  percentage,  viz,  in  No.  15299  and 
in  No.  15020.  The  highest  percentage  of  proteids  is  found  in  No.  15320, 
a  sample  which  also,  on  account  of  its  low  percentage  of  ether  extract, 
may  be  regarded  as  having  received  no  additional  fat  in  the  dough, 
but  probably  a  little  from  the  greasing  of  the  oven. 

The  above  data  are  those  fouud  in  the  table  of  the  original  substance, 
and  not  the  data  calculated  to  dry  matter,  which  are  given  also  iu 
the  preceding  table.  It  is  evident  from  a  study  of  the  digested 
proteids  that  the  method  of  kneading,  the  addition  of  large  quan- 
tities of  fat,  and  the  hard  baking,  tend  to  diminish  the  digesti- 
bility of  the  proteid  matter,  as  determined  by  artificial  means.  The 
average  digestibility  of  proteid  matter  j)resent  was  a  little  less  than 
66  i^er  cent,  which  is  far  below  that  of  ordinary  cereal  proteids.  This 
fact  should  not  be  lost  sight  of  iu  considering  the  nutritive  value  of 
the  biscuits.  It  will  be  granted  without  argument  that  the  artificial 
digestion  does  not  in  all  cases,  i3robably  in  very  few,  represent  the 
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actual  digestibility  of  these  proteids  in  the  human  stomach.  lu  gen- 
eral it  u\'dY  be  stated  that  in  the  form  of  biscuits  wheat  tiour  possesses 
its  maximum  practical  degree  of  concentration  as  a  food  product. 
Biscuits  contain  a  large  percentage  of  fat,  which  adds  to  that  extent 
to  the  nutritive  value,  but  tends  to  diminish  to  a  certain  degree  the 
artificial  digestibility  of  the  proteids.  The  general  conclusion  from  a 
study  of  the  analytical  data  is  that  biscuits  may  be  used  in  ordinary 
life  as  a  delicac}^,  in  army  life  as  a  convenient  means  of  transporting 
concentrated  food,  but  that  they  should  not  be  employed  to  the  entire 
exclusion  of  bread,  on  account  of  their  low  coefficient  of  digestibility. 

ROLLS. 

By  the  term  ''rolls"  is  meant  a  kind  of  bread  often  eaten  warm,  and 
which  differs  to  a  certain  extent  from  an  ordinary  loaf  mostly  in  size, 
and  from  biscuits  in  having,  as  a  rale,  a  leavening  matter.  Warm  rolls 
in  this  country  are  a  common  article  of  diet  on  the  breakfast  table. 
They  may  be  made  by  fermentation  with  yeast,  or  more  commonh'  the 
leavening  is  produced  by  means  of  a  baking  powder.  Warm  rolls  of 
this  kind  are  usually,  but  improperly,  known  as  biscuits.  In  the  fol- 
lowing table  has  been  collected  a  number  of  sami:)les  of  bread  which 
are  included  under  the  general  term  of  rolls.  Their  names  vary  greatlj^, 
as  will  be  seen  from  the  '-tradename'-  column  in  the  table.  One  of 
these.  Xo.  14436,  might  very  properly  be  included  in  the  preceding 
table.  It  is  a  kind  of  a  hard  roll  which  is  very  common  in  the  State  of 
Maryland,  from  which  it  is  named,  and  occupies  a  mean  i)osition 
between  an  ordinary  roll  and  a  true  biscuit.  It  is  usually  eaten  cold, 
and  in  its  fabrication  the  method  emi)loyed  in  the  ordinary  baking 
of  biscuits  is  used.  On  account  of  the  uncertainty  of  its  classification 
it  has  been  included  in  the  following  instead  of  the  preceding  table. 
Slightly  sweetened  and  sometimes  spiced  rolls  are  often  known  by  the 
name  of  '-buns,"  samjjles  of  which  are  found  also  in  the  appended 
list.  In  the  case  of  Xo.  14359  we  have  a  sample  of  a  roll  which  is  made 
from  the  whole  shredded  wheat  and  which  als(j  might  more  properly  be 
included  in  the  preceding  table  or  among  the  breakfast  foods.  This 
roll  is  light  and  spongy,  but  this  is  secured  without  the  aid  of  leavening 
bodies  by  the  mechanical  condition  of  the  material  which  is  used  in  its 
preparation.  The  shreds  of  the  whole  wheat  resemble  the  fibers  of 
spaghetti.  On  account  of  their  shape  they  do  not  lie  close  together, 
and  when  baked  in  the  form  of  rolls  or  biscuits  the  resulting  product 
is  i)orous  and  spongy.  The  whole-wlieat  biscuit  differs  in  other  respects 
from  the  true  biscuit  in  the  method  of  its  manufacture,  no  kneading 
being  i^racticed  except  that  which  is  i^roduced  in  the  nninufacture  of 
the  shreds  by  the  machines  after  the  wheat  grains  have  been  softened 
in  hot  water.  These  whole  wheat  biscuits  are  made  without  the  addi- 
tion of  a.uy  mineral  matter,  or  without  the  addition  of  any  fat.  except 
what  is  necessary  to  grease  the  pans.     They  represent,  therefore,  very 
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Dearly  the  nutritive  properties  of  the  whole  wheat  grain.  Followiug  is 
a  description  of  the  rolls  and  breads  of  this  classification,  together  with 
their  composition,  as  determined  in  the  original  substance  and  calcu- 
lated to  dry  matter : 

Description  of  rolls. 


Serial 
No. 

Trade  name. 

ISTame  of  dealer. 

Name  of  manufacturer. 

Price 
per  doz. 

Weight 
per  doz. 

14355 

Pan  Rolls 

Shredded    Whole 

Wheat  Biscuit. 
Kolla 

Eolls 

N.  W.   Burchell,    1325  F 

street  NW. 
do 

A.  A.  Winfield,  215  Thir- 
teen-and-a-half street 

sw. 

do 

C.Schneider 

Cents. 
10 

15 

10 

8 
10 

Grams. 
909 

14359 
14381 

14382 

The  Cereal  Machine  Com- 
pany, Worcester,  Mass. 
Havenner '  a  Bakery 

Berens  &  Sons,    622  E 

street  NW. 
do 

860 
928 

14433 

14434 
14435 
14436 
14437 
14663 
15243 

French  Rolls 

Kaiser  Rolls   

Berens  <fe  Sons,  62  2   E 

street  jSTW. 
...  do      

564 

do 

838 

Hearth  Bake 

do 

do                                          1           1^ 

782 

Maryland  Biscuit. . . 

do 

do 

— 
10 

575 

do 

10 
10 
10 

820 

Currant  Buns  ...   .. 

do               

.       do     -        .      .. 

420 

A.  Meier,  C  and  Four- 
teenth streets  SW. 

A.  Meier,  C   and  Four- 
teenth streets  SW. 

793 
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DISCUSSION   OF   THE  DATA. 

The  analytical  data  show  tliat  some  of  these  rolls  are  made  without 
the  use  of  added  fat.  In  samples  >^os.  14381,  14431,  14436,  14663,  and 
15243  it  is  evident  that  a  fat  or  oil  has  been  used  in  the  preparation  of 
the  dough.  The  percentage  of  ash  shows  that  no  mineral  matter  has 
been  added  to  the  tlours  in  the  manufacture  of  the  rolls  with  the  excep- 
tion of  a  little  salt.  ]N"o.  14359,  which  represents  the  whole  wheat,  has 
the  higher  amount  of  miner^il  matter  than  any  of  the  other  samples  and 
contains  no  salt,  showing  that  this  mineral  matter  is  derived  exclusively 
from  the  natural  ash  of  the  wheat.  The  artificial  digestibility  of  the 
proteids  is  not  as  high  as  would  be  expected  with  this  class  of  bodies. 
The  caution,  however,  which  has  been  given  before  in  regard  to  the 
results  of  artificial  digestion  holds  good  in  this  class.  It  is  more  than 
probable  that  we  do  not  secure  in  artificial  digestion  anything  like  so 
perfect  a  solution  of  the  proteid  matter  as  is  accomplished  by  the 
natural  digestive  ferments  of  the  alimentary  canal. 

CAKES  AND  LIKE  GOODS. 

By  the  term  "  cake"  is  generally  understood  a  loaf  containing  a  large 
quantity  of  added  sugar.  The  trade  name  of  cakes  is  almost  legion,  as 
will  be  seen  by  inspecting  the  column  headed  "trade  name"  of  sam- 
ples. We  have  included  in  this  category  all  loaves,  biscuits,  buns,  and 
other  materials  made  of  wheat  or  other  cereal  flours  which  have  been 
artificially  sweetened.  These  materials  were  purchased  in  the  open 
market,  and  represent  quite  well  tlie  character  of  goods  exposed  for 
public  sale.  In  private  houses  the  baking  of  sweetened  cakes  is  con- 
stantly practiced,  and  the  composition  of  these  cakes  is  essentially  the 
same  as  those  which  are  offered  for  i)ublic  sale.  In  the  manufacture  of 
sweet  cakes  the  flour  is  mixed  with  egg  and  sugar,  or  other  saccharine 
matter,  and  butter  to  the  proper  consistence,  and  leavened  generally 
with  a  baking  powder  instead  of  a  yeast.  The  cakes  are  baked  in  all 
kinds  of  sizes  and  shapes,  and  are  either  i^lain  or  built  ui)  in  layers 
with  jelly,  marmalade,  or  some  other  preserve  between  them.  The 
exterior  is  often  frosted  with  a  mixture  of  white  sugar  beaten  up  with 
the  white  of  an  egg.  The  method  of  mixing  the  Ingredients  of  these 
cakes,  as  well  as  the  methods  of  frosting,  are  so  varied  that  it  would 
not  be  possible  to  undertake  any  minute  description  of  them ;  only  the 
general  principles  of  their  mauufacture  can  be  stated,  as  outlined  above. 

Cakes  in  general  are  baked  in  the  oven  or  a  skillet,  the  same  as  a 
loaf  of  bread.  Some  forms,  however,  are  fried  in  hot  grease,  as  is  the 
case  with  doughnuts,  crullers,  or  other  similar  substances.  For  flavor- 
ing matter  various  materials  are  employed,  as  strawberry,  vanilla,  and 
other  flavoring  substances,  either  the  natural  products  or  the  artificial 
ethers  resembling  them.  The  cake  or  sweet  cake  is  a  very  common 
ingredient  of  the  dessert  which  is  served  after  dinner.  The  ordinary 
cane  sugar  of  commerce  is  the  sweetening  material  which  is  usually 
employed,  either  in  the  x)ure  state,  as  granulated  sugar  5  or  very  often 
the  lower  grades  of  yellow  sugar  are  employed  where  a  white  cake  is 
not  desired.    Honey  and  glucose  are  not  much  used  in  private  families 
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in  tbis  country  in  the  manufacture  of  sweet  cakes,  but  glucose  as  an 
ingredient  of  sirups  is  used  to  a  considerable  extent  where  molasses  or 
sirups  are  present  as  the  sweetening  agent.  In  the  manufacture  of  the 
variety  known  as  ginger  cake,  the  old-fashioned  Xew  Orleans  open 
kettle  molasses  has  been  a  standard  ingredient.  The  difiBeulty  of 
obtaining  this  variety  of  molasses  at  the  i^resent  time  has  resulted  in 
the  substitution  of  the  commercial  sirups  in  the  manufacture  of  this 
kind  of  goods.  Inasmuch  as  these  commercial  sirups  are  often  made 
chiefly  of  the  glucose  of  commerce,  much  of  the  sweetening  material 
in  such  instances  may  be  from  this  source. 

In  the  determination  of  the  sugars  they  were  first  removed  by  alcohol 
from  the  finely  ground  dry  mass  after  previous  extraction  witb  ether. 
The  sucrose  in  the  solution  was  determined  by  polarization  before  and 
after  inversion.  In  most  cases  the  only  sugar  found  was  sucrose.  In 
a  few  cases  the  residual  pohirization  represented  small  quantities  of 
glucose — that  is,  commercial  liquid  starch  sugar.  When  this  sugar  is 
present  in  an  appreciable  quantity,  it  is  represented  by  data  in  foot 
notes  of  the  analytical  table  which  follows. 

Description  of  calces  and  similar  goods. 


^eria      Trade  Dame  of  sample. 


Name  of  dealer. 


Xame  of  manufacturer. 


Price. 


14664 

14665 
14666 
14667 
14725 

15003 
15004 

15005 
15008 

15010 
15U11 
15012 
15013 

15014 

15015 
15017 
15018 
15019 

15021 
15022 
15233 


15234 
15235 
15236 


Macaroons Eerens  &.  Sons,  622  E 

I      street  XW. 

Sugar  Cakes do 

Doughnuts do 

Ladv  Fingers do 


Berens  &  Sons,  622  E  street  XW., 
Washington.  D.  C. 

do 

do 

do 


Ginger  Snaps X.W. BurcheU,  1325  F  I 

I      street  XW. 

Vanilla  Wafers \ do J.  D.  Mason  Sc  Co.,  Baltimore.  Md 

Puff  Jumbles do The    Xew  York  Biscuit    Co..    Xew 

:  York.  X.  Y. 


-do 


J.  D.  Mason  &  Co.,  Baltimore.  Md. 


Fruit  Crackers 

Butterscotch do The    Xew  York   Biscuit  Co.,    Xew 

I  York,  X.  V . 


Pose  Jumbles. . 

Oxfords 

Bicycle  Cakes  . 
Pineajjple  Putis 


I  Fig  Biscuits do 

!  Strawberry  "^'afers do 

'  Vanilla  Sugar  Wafers do 

I  Ginger  Wafers do 

Five  oclock  Tea  Bis-    do 

cult. 

Violet  Biscuit do 

Famous  Extra  Toast do 

Horse  Cakes August  Meier,  C  and 

Fourteenth   streets 
SW. 

Lady  Fingers do 

Scotch  Cakes do 

Fruitcake do 

'Per  dozen.  ^ Per  pound 


E.  S.  Marvin  &  Co.,  Xew  York.  X.  Y  . . 

...do  

J.D.Mason  ,fc  Co.,  Baltimore.  Md 

The  American  Biscuit  Co.,  Xew  York, 

X.Y. 
E.  S.  Marvin  <fc  Co.,  Xew  York,  X.  Y  . . 

Bent  Sc  Co.,  Milton.  Mass 

Holmes  6:.  Coutts,  Xew  York.  X.  Y. . . . 

.-..do 

The    Xew  York    Biscuit    Co.,    Xew 

York,  X.  Y. 

.  ...do 

Holmes  A:  Coutts,  Xew  York,  X.  Y 

August    Meier,    C    and    Fourteenth 

streets  SW.,  Washington,  D.  C. 


Cents. 

no 

no 
no 
no 


5  20 
^20 

'16 
2  20 

2  20 
2  20 

2  16 

2  40 

2  20 

3  25 
-50 
5  25 
3  25 

3  25 

3  12 

'10 


'10 
2  20 
'10 


3  Per  box. 
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Description  of  cakes  and  similar  goods — Continued. 


Trade  name  of  sample. 


Diamond  Cakes. 


Coffee  Cake . . . 
Ginger  Bread. 

Cup  Cakes 

Macaroons 


IS'ame  of  dealer. 


Name  of  manufacturer. 


Price. 


August  Meier,  C  and 
Fourteenth  streets 
SW. 


Drop  Cakes do 

Doughnuts : do 

Sugar  Cakes do 

Jumbles ' do 

Morning  Glory  Wafers . !  John  H.  Magruder  & 
Co.,  1417  New  York 


Maize  Wafers 

Cocoanut  Macaroons 


avenue  NW, 

...do 

...do 


August   Meier,    C    and   Fourteenth 
streets  SW.,  Washington.  D.  C. 


Cents. 
110 


Crosier,  StauflFer  &  Co.,  Philadelphia, 
Pa. 


Golden  Snap 

Yanilla  Wafers. 


....do  

Jamaica  Nuts. 


Apricot  Tarts ! do 

Pilot  Bread do 

! do 

i do 


Ginger  Snaps 

Iced  Coffee  Cakes. 


Java  Coffee  Cakes  . . 

Eiiie  Nuts 

Almond  Macaroons. 


Social  Tea  Cakes 

Cream  Blossoms 

Fancy  Ginger  Snaps. 

Butter  Scotch 

Animal  Crackers 

Cornhills 


Vanilla  Wafers. 

Cafe  Noir 

Cream  Bars 


Sultana  Cakes 

Cigarette  Wafers. 


Ginger 


Homemade 

Snaps. 
Kaspberry  Wafers 


C.  D.  Boss  <fc  Sons,  New  London,  Conn. 
Yanderveer  and  Holmes  Biscuit  Co., 
New  York,  N.  Y. 

-do CD.  Boss  &  Sons,  New  London,  Conn. 

-do ,  Crosier,  Stauffer  &  Co.,  Philadelphia, 

Pa. 

-do Havenner's  Bakery, Washington,  D.C. 

.do The   New  York    Biscuit   Co.,   New 

York,  N.  Y. 
HaTenner's  Bakery,  Washington,  D.C . 

....do 

....do 

The   New  York   Biscuit    Co.,  New 
I      York,  N.  Y. 

do E.S.Marvin  &  Co.,  New  York,  N.  Y.. 

do !  Havenner'sBakery, Washington, D.C. 

do I  The   New  York   Biscuit  Co.,  New 

I      York,N.Y. 

do I do 

do do 

do do 

do Havenner's  Bakery,  Washington,  D.C. 

do I do 

G.  G.  Cornwell  &  Son,     The   New  York    Biscuit  Co.,    New 
1412-1414    Pennsyl-        York,N.Y. 
vania  avenue  NW.     | 

do '  Kennedy  Biscuit  Co.,  New  York,  N.Y. 

do Carr  &  Co 


.do 


-do 


.do 


The   New  York    Biscuit    Co.,  New 

York,  N.  Y. 
....do , 

Krietsch's  Wiirzen  Biscuit  Manufac- 
tories, Germany. 
Bent  Sc  Co.,  Milton,  Mass 


Krietsch's  Wiirzen  Biscuit  Manufac- 
tories, Germany. 
English  Fruit  Cake do ;  The   New  York   Biscuit    Co.,  New 


York,  N.  Y. 


'  Per  dozen. 


2  Per  cake. 


3  Per  box. 


*Per  pound. 
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1368  FOODS   AND    FOOD    ADULTERANTS. 

DISCUSSION   OF   THE   ANALYTICAL   DATA. 

An  inspection  of  the  analytical  data  shows  that  large  quantities  ot 
fat  are  used  in  prepariog  these  cakes.  In  private  families  butter  is  the 
fat  which  is  generally  employed  for  this  purpose.  It  is  probable  that 
butter  is  also  largely  used  by  the  public  bakeries,  but  in  addition  to 
butter,  lard  is  also  often  used,  both  in  private  families  and  the  bakeries. 
It  is  not  probable  that  any  kind  of  fat  except  the  two  mentioned 
is  extensively  used.  The  presence  of  a  large  quantity  of  sugar,  in 
addition  to  the  amount  of  fat,  naturally  diminishes  the  content  of 
proteids  and  carbohj^drates  to  a  minimum  amount  found  in  any  of  the 
cereal  products.  An  inspection  of  the  table  of  percentage  of  digesti- 
bility, however,  shows  that  the  addition  of  sugar  does  not  influence  in 
a  deleterious  way  the  action  of  the  artificial  digestive  ferments.  The 
general  imi^ression,  to  the  efiect  that  these  cakes  are  unwholesome  and 
indigestible  is  doubtless  founded  on  erroneous  notions.  On  account 
of  their  palatability,  in  the  case  of  children  who  are  allowed  free  access 
to  them,  these  cakes  are  eaten  to  the  exclusion  of  other  kinds  of  foods, 
and  hence  the  digestive  apparatus  may  be  deranged.  In  the  case  of 
adults  the  cakes  are  usually  eaten  after  a  very  full  meal,  when  no  other 
food  is  necessary,  and  the  evil  effects  which  are  produced  thereby  are 
more  likely  caused  by  an  excess  of  food  than  by  the  character  of  the 
excess.  There  is  no  reason  for  supposing  that  a  mixture  containing 
wholesome  fat,  pure  sugar,  egg,  and  wheat  flour  would  produce  a  loaf 
which  would  be  either  unpalatable  or  indigestible. 

In  a  few  instances,  on  account  of  the  small  quantity  of  sugar  present, 
it  is  evident  that  the  samples  might,  with  more  propriety,  be  placed  in 
some  other  category.  These  samples  were  bought  as  sweet  cakes,  or 
under  the  supposition  that  they  were  sweet  cakes,  and  therefore  are 
included  in  the  list.  Out  of  the  whole  number  purchased  only  four 
would  be  excluded  by  reason  of  deficient  content  of  sugar.  The  pro- 
portion of  sugar  in  the  cakes,  as  will  be  seen  by  an  inspection  of  the 
table,  varies  greatly.  The  quantity  of  sugar  is  a  matter  of  taste  and 
habit.  Often  the  sweet  bread  or  cake  contains  very  little  sugar — only 
enough  to  indicate  to  the  taste  the  addition,  at  least,  of  a  certain 
amount.  In  other  cases  the  amount  of  sugar  may  approximate  or 
exceed  half  of  the  whole  weight  of  the  loaf.  In  such  matters  no 
definite  rule  of  guidance  is  laid  down,  but  each  cook  is  allowed  to  follow 
his  own  inclination  or  the  recipe  he  happens  to  have  on  hand. 

In  regard  to  the  quantity  of  moisture  the  widest  variations  are  seen. 
In  some  cases  the  amount  of  moisture  found  was  more  than  one-half  of 
the  whole  weight,  while  in  other  instances  the  amount  was  one-third  or 
one-quarter  of  the  whole.  These  latter  cases  represent  nearly  the  ordi- 
nary average  loaf  of  bread.  In  most  cases,  however,  the  percentage  of 
moisture  which  was  found  was  very  much  less  than  that  which  exists 
in  normal  bread.  In  some  cases  the  content  of  moisture  descends  to 
the  level  of  the  biscuit;  indeed  this  is  true  of  the  majority  of  samples. 
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The  average  moisture  in  all  the  samples  was  a  little  less  than  12  i)er 
cent,  only  about  one-third  of  that  whicli  would  be  found  in  the  case  of 
bread.  Some  of  the  sweet  cakes  were  remarkably  dry,  as,  for  instance, 
Xo.  15005,  which  contained  a  little  over  3  per  cent  of  water,  and  Xos. 
15314  and  15315,  containing  nearly  5  and  7  per  cent,  respectively.  This 
wide  variation  in  the  percentage  of  water,  combined  with  small  varia- 
tions in  the  i)ercentage  of  sugar,  renders  any  comparison  of  the  i)roteids 
and  carbohydrates  of  little  use.  A  better  comparison  will  be  found  in 
the  data  calculated  to  the  dry  substance,  bat  here  also  the  varying 
elements  of  the  sugar  content  causes  the  widest  discrepancies  in  the 
comparison  of  the  ])roteid  and  carbohydrate  bodies. 

STAXXOrS    CHLORID   IX    GINGER    CAKE. 

Moynier  deVillepoix^  found  stannous  chlorid  in  almost  every  sami)le 
of  cakes  examined  by  him.  He  found  that  it  was  used  in  combination 
with  potassium  carbonate  for  coloring  purposes.  The  coloring  was 
formerly  done  by  using  honey  or  molasses,  but  since  these  have  been 
replaced  by  glucose  the  baker  uses  the  above  combination  to  obtain 
a  yellow  color. 

1  Kev.  internat.  des  fals..  1893.  85.  Ztsch.  Xabr.-Uuters.,  Hyg.  u.  Waarenkunde, 
Vol.  VII.  Xo.  3,  p.  37. 
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